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PREFiACE 

Tms book startB apon its career with a distinotly modest puipoB^- 
namely, to give very praotioal aid to Agrionltoral Stodents, Land 
Agents, and Fanners in the every-day tasks of Surveying and 
Bnilding Cbnstmction. Although the great value of many text- 
books upon these separate subjects and upon Farm Buildings alone 
ia undeniable, for the most part they are too long and too advanced 
for any but those who intend to make one of these subjects their 
profession. 

It is hoped, also, that this work, divided as it is under the two 
sections, will be found useful to those who intend to pass the Pro- 
fessional Examinations of the Surveyors' Institution. It must, 
however, be remembered that no amount of reading can take the 
place of practice. The mere study of the latest works on Golf 
wiU not enable one to drive like Braid, or to accomplish a Vardon- 
like approach-shot. The celebrated advice of Mr. Squeers of 
Dotheboys Hall, who taught his pupils how to spell ' clean ' and 

* winder ' and then sent them to * go and do it,' may here come in 
useful. This sensible combination of theory and practice (out of 
the mouth of a very much misunderstood genius) may be con- 
fidently recommended to the Agricultural Student. 

The Authors wish to acknowledge their indebtedness for 
referential purposes to N. Ifitra's ' Manual of Surveying ' ; Baker 
and Dixon's ' Surveying ' ; * Surveying,' by J. Whitelaw, Jun. ; N. F. 
Mackenzie's ' Methods of Surveying ' ; ' The Firactical Surveyor ' 
and * Levelling,' by Thomas HoUoway; Stanley's 'Surveying 
Instruments ' ; Hiley's ' Mensuration ' ; Bright's * Agricultural 
Valuer's Assistant ' ; C. E. Curtis's ' Estate Management ' ; Biving- 
ton's ' Notes on Building Construction ' ; and Charles F. Mitchell's 

* Building Construction.' 
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CHAPTER I 

HENST7BATION 

RiTUBS for the calculation of areas : — 

1. To find the area of a Triangle. 

Multiply the base by the perpendictdar and divide by 2. 

If, however, the perpendicular be not given and not obtainable, 
and all three sides be known then, supposing a = the semi- 
perimeter (i.e. half the sum of the sides) and the sides be 
respectively a, b, c : — 



Area = V8{8 —a) {a —6) (a — c) 

2. To find the area of a Parallelogram. 

Multiply the length of one side by the perpendicular distance 
from it to the other side. 

3. To find the area of a Trapezoid (i.e. a four-sided figure having 
two of its sides parallel). 

Add together the two parallel sides and multiply by the per- 
pendicular distance between them and divide by 2. 

4. To find the area of a Trapezium (i.e. any irregular four-sided 
figure). 

Multiply the diagonal which joins the two opposite angles by 
the sum of the perpendiculars from the other two angles to this 
diagonal and divide by 2. 

5. To find the area of any Polygon (i.e. a plane figure bounded 
by a number of straight lines). 

Divide the figure into triangles by means of straight lines drawn 
from its angles. Calculate the area of each triangle by Rule 1 
and add the results. 

6. To find the area of a Circle. 

(a) Multiply the square of the radius by 3*1416. Formula vr^ 
(«■ or pi, Greek letter p = 3*1416 or y- and r = radius). 

(&) Multiply the square of the diameter by -^ or 0*785. 

(c) Multiply the square of the circumference by -^ or 0*0796. 
The circumference = 2irr, 

B 2 
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Rules tor the Caleulatlon of fhe Volumes of Solids 

1. The Cube (i.e. a solid bounded by six equal square faoes). 

Volume = (side)* 

2. The Reetangular Paralleloplped (i.e. a solid bounded by six 
rectangular faces, each of them being equal and parallel to its 
opposite face). 

Volume = Length x breadth X height 

3. The Right Prism and the Right Cylinder.— A Prism is a solid 
whose two ends are similar, equal, and parallel plane rectilineal 
figures, and whose side faces are parallelograms. The line drawn 
from the centre of one end to the centre of the other end is called the 
aocis of the prism.^ In a right prism the axis is at right angles to the 
ends of the prism. In an oblique prism the axis is not at right 
angles to the ends. 

A Cylinder is a solid which has its ends two equal and parallel 
circles. The axis of the right cylinder is perpendicular to the ends, 
and the axis of the obUque cylinder is not perpendicular to the ends. 

Volume = Area of base X height 

4. The Right Pyramid and the Right Cone.— A pyramid is a 
solid having any plane rectilineal figure for its base and triangles 
for its sides, all of which terminate in one common point, cafied 
the vertex. 

A right pyramid is a pyramid in which the straight line drawn 
from the vertex to the centre of the base is perpendicular to the 



A cone is a solid which has its base circular and whose curved 
surface terminates in a point called the vertex. In a right cone 
the axis is perpendicular to the base. 

- _ Area of base x perpendicular height 

5. The Prlsmoid or Frustum of a Wedge. — ^A prismoid, or frustum 
of a wedge, is the solid which remains after a smaller wedge has 
been cut off by a plane parallel to the base. 

Volume = (Area of top + area of bottom + four times the area 
of the middle section) x height x \ 

6. The Sphere (i.e. a solid circle). 

Volume = (Diameter)* x \{ 
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220 


40 


10 


1 




63,360 


8000 


6280 


1760 


320 


80 


8 


1 



A knot, or nautical mile, is the length of one minute of a degree of 
latitude at mean sea level. Its length varies in different latitudee 
from about 6,107 feet at the poles to 6,045 feet at the equator. 
Mean value = 6,076 feet or 1*15 statute miles approximately. 



Sqttabe Mbasubb 



I^. 


TJwW 


Bq. 


8q. 
Yards 


Fercb«B 


Ohaiiu 


Roods 


Aores 


^9; 


144 


2-296 


1 














1,296 


20-661 


9 


1 












39,204 


626 


272-26 


30*25 


1 










627,264 


10,000 


4,356 


484 


16 


1 








1,668,160 


25,000 


10,890 


1210 


40 


2-5 


1 






6,272,640 


100,000 


43,560 


4840 


160 


10 


4 


1 






64,000,000 


27,878,400 


3,097,600 


102,400 


6,400 


2,660 


640 


1 



CuBio Mbasttiub 



CabioIndhflB 


CabicVeet 


Oabio Yard 


1,728 
46.656 


1 
27 


1 



The sides of a square containing an acre are 69^ yards or 208*71 feet. 
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Liquid Mbasubs 



Dry Mbasubi 



oim 


PintB 


QnartB 


Gallon 




Qallons 


Pecks 


BnshalB 


Qotfter 




4 


1 






2 


1 








8 


2 


1 






8 


4 


1 






82 


8 


4 


1 




64 


32 


8 


1 





One gallon = 277463 
cubio inohes. 



The standard buflhel contaanB 
2,219'7 cubic inches. 



Avoirdupois Weight 



Drams 


0. 


Lb. 


Stones 


Quarters 


Owt. 


T6ni 


16 


1 












266 


16 


1 










3,584 


224 


14 


1 








7,168 


448 


28 


2 


1 






28,672 


1,792 


112 


8 


4 


1 




573,440 


35,840 


2240 


160 


80 


20 


1 



This is used for all general purposes, 
for gold, silver, and jewellery. 



Troy weight is used only 



Hay and Straw Mxasurb 

1 Truss of Straw = 36 lb. 

1 Truss of old Hay = 66 lb. (sold after August 31). 

1 Truss of new Hay = 601b. (sold between June 1 and August 31). 

1 Load of Straw = 36 trusses = 11 cwt. 2 qr. 8 lb. 

1 Load of old Hay = 36 „ == 18 cwt. qr. lb. 

1 Load of new Hay = 36 „ = 19 cwt. 1 qr. 4 lb. 

MlSCOBLLANEOUS 

1 cubic foot of water = 62*425 lb. = 6235 gallons. 

1 cubic inch of water = 003612 lb. 

1 Imperial gallon of water = 10 lb. 

1 ton of water = 35*94 cubic feet == 224 gallons. 

1 inch of rainfall == 3,630 cubic feet per acre. 

„ = 101 '1 tons per acre. 

„ = 22,635 Imperial gallons per acre. 

One man in a day of 10 hours should dig and barrow, about : — 

Easily got earth ... 12 cubic yards 
St3x>ng clay .... 9 cubic yards 

Hard earth or chalk 7 cubic yards 
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NxTMBKE OP Cubic Feet op Various Earths in One Ton 



Loose earth . . .24 
aay . . . . 18J 
Ck>arse sand or gravel . 18| 



Earth with gravel . 18 
Common soil . . 15| 
Clay with gravel . . 14| 



Percentage. — ^To express one number as the percentage of 
another, multiply the number by 100 and divide the product by 
the other number. 



Specipio Gravitibs 



Water 

Milk 

Earth (loose) 

Sand 

Clay 

Unslaked Lime 

Brick 

Limestone 

Chalk 

Coal 

Granite 

Oak (Green) 

Oak (Dry) 

Ash (Green) 

Ash (Dry) 



: 1 

= 103 
= 1-60 
: 1-4-1-6 
: 1-8-2-6 

: 1-86 

1-40 

2-66 

2-75 

1-2-1-7 

2-5-2-9 

108 
= 0-708 
= 0-905 
: 0*644 



Cast iron 

Wrought iron 

Steel 

Lead 

Zinc 

Copper 

Brass 

Diamond 

Gold 

Glass 

Silver 

Elm (Green) 

Elm (Dry) 

Beech (Green) 

Beech (Dry) 



7-207 
: 7-788 
: 7-82 
: 11-388 
: 7-192 

8-9 

8-4 

3-5 
19-3 

2-4^-4 
10-6 

0-932 

0-650 

1-06 

0-696 



Bule for finding the weight of a body when its specific gravity 
is given : — Multiply its specific gravity by 62-5 (number of pounds 
of water in a cubic foot) and the result equals its weight per cubic 
foot in pounds Avoirdupois. 



Metric System 
LoTig Measure compared with English Units 





Metres 


Inches 


Feet 


Tarda 


MUes 




•001 


•03937 


•00328 


•00109 


_ 


Centimetre . 


•01 


•3937 


•0328 


•0109 


— 


Decimetre 


•1 


3-937 


•328 


•1093 


•00006 


Metre . 


1 


39-37079 


32809 


1*0936 


•00062 


Decametre . 


10 


— 


32-809 


10-9363 


•00621 


Hectometre • 


100 


— 


328-09 


109-363 


•06213 


Kjlometre 


1000 


— 


3280-9 


1093-63 


•62138 


Myriametre . 


10000 


— - 


— 


— 


6-21382 
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Square Measure cornered with English Units 





§222 


Square 


W 


'r^ 


Aorw 


MiUiare 

Centiare 

Deoiare 

Are . . . 

Deoare 

Hectare 


•1 

1 

10 

100 

1000 

10000 


166 

1,660 

16,601 


1-076 
10-764 
107-64 
1076-4 


•119 
119 
11^96 
119-6 
1196 
11960 


•00026 
-0026 
-0247 
-2471 
2-4711 



Solid Measure wmrparei toUh English Units 





OaUoHatns 


OabioInahflB 


GnbioFeet 


Oablo Yards 


MilliBtere 


•001 


61-028 


_ 


__ 


Centistere 


•01 


610-28 


-363 


— 


Deoistere 


•1 


6102-8 


3-631 


•130 


Stere 


1 


61028 


36-317 


1-308 


Beoastere 


10 








13-080 


Heotostere 


100 


— 


— 


130-802 



Weights compared with English Units 





QnmiiiM. 


ATolr.oi. 


▲Tolr. lb. 


Owt. 


Tons 


Gndns 
'tTroy 


Milligramme 


<X)1 





_ 


^_ 


._ 


K)16 


Centigramme . 


■01 


— 


— 


— 


— 


-164 


Decigramme 


•1 


— 


— 


— 


— 


1-643 


Gramme . 


1 


•036 


-0022 


— 


— 


16-432 


Deoagramme 


10 


-362 


-022 


— 


— 


— 


Hectogramme . 


100 


3-627 


-2204 


— 


— 


— 


Kilogramme 


1000 


36-274 


2-2046 


•019 


•00098 


— 


Myriogramme . 


10000 


— 


22046 


-196 


•00984 


— 


Quintal 


100000 


— 


220-462 


1-968 


-0984 


— 


Millier 


1000000 


— 


2204-62 


19-684 


•9842 


— 



Dry and Fluid^Measure compared with English Units 





litns 


Od. IndMs 


Go. Feet 


OsIIoiis 


Bushels 


MilliUtre . 


-001 


•061 


_ 


•00022 




Centilitre . 


-01 


•61 


— 


•0022 


— 


Decilitre . 


-1 


61 


— 


•022 


-0027 


litre 


1 


61-02 


•0363 


-22 


•0276 


DecaUtre . 


10 


610-28 


•363 


2-2 


•276 


Hectolitre . 


100 


— 


3-63 


22 


2-761 


KUoUtre . 


1000 


— 


36-317 


220-09 


27-612 


MyriaUtre . 


10000 


— 


363-17 


22009 


276121 



Land is asually measured in Ares, and volume in Litres, 
litre = about 1} pints. 



One 



MENSURATION 9 

To ascertain the surface of a common ' barge ' roof (i.e. a roof 
in the shape of a book when partially opened). 

Bale .'—Length in feet x breadth in feet x 2 -^ 100 = ^ 
number of squares. 

Thatching and tiling are reckoned by the ' square/ i.e. 100 
square feet. 

To ascertain the surface of a hip-roof (i.e. a roof similar to the 
last but having its topmost comers cut off in such a way that a 
further triangular roof is required at the ends, the ends rising 
immediately from the wall and having the same inclination to the 
horizon as the sides have). 

Bvle : — ^Mean length in feet x breadth in feet = the surface of 
one side. Length in feet of the end X length in feet of the perpendi- 
cular distance from the eaves of tibe end to the ridge ^2 = the 
swrface of the end. These two results added together x 2 -f- 100 = 
the nunier of squares. 

To ascertain the surface of a circular rooL 

Rule : — ^Measure the distance from the eaves to the point and 
proceed according to the rules for finding the area of circles. The 
result wiU be twice the area of the roof, so that it must be divided 
by 2 and again by 100 to obtain the number of squares. 

To ascertain the area of brickwork.— Brickwork is reckoned by 
tlie rod of 272 square feet and varies in cost from £14 to £17 per rod. 

Rule .-—Length in feet x height in feet -f- 272 = number of rods 
of brickwork. 

A rod of brickwork is, however, always calculated to be 14 
inches thick, so that if the wall is only 9 inches thick take two-thirds 
of the result, and if only 4} inches thick take one-third for the 
answer. When measuring buildings calculate the whole surface 
of the wall and deduct the door and window spaces afterwards. 

To ascertain the capacity of tanks. 

Rule : — Oblong or square tanks — Length in feet x breadth in 
feet X depth in feet x 6*235 = the number of gaUons. 

Circular tanks— (Mean diameter)^ x 0*7854 x depth x 6*235 = 
the number of gattons. 

To ascertain the contents of ash and sand heaps.— Ash and 
sand heaps are generally in the shape of a cone. The former are 
generally considered in bushels and the latter in yards. There are 
about 17 bushels of ashes to a cubic yard. 

Ruie:— 

[(Circumference in feet of base)* x 0*0796 X perpendicular height 
in feet] + (3 x 27) = the number of cubic yards. 

To ascertain the weight of cattle.- Measure the girth of the animal 
immediately behind the shoulder and the length from the square 
of the shoulder to the tail-head. 

o , (Girth in feet)" x length x 5 ^. ^ . i.x * ^i_ 
Rule >- ^ |j ^^ — ^^— = the net weight of the 
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animal in Imperial stones of 14 lb. A butcher's or Smithfield 
stone = 8 lb. 

If 30 is substituted for 21 then the weight will be in scores. 
If the beast is very fat one-fifteenth should be added to the weight so 
obtained : if not moderately fat one-fifteenth should be deducted. 

Live and Dead Weight of Animals 

Bullock, Dead weight of Lean Beast 50 per cent, of Live weight 

>» »» i» -rat ,, OU ff f9 )f 

Sheep. „ „ „ Lean „ 60 „ „ „ 

>» >» >» i?at ,, oo ,, )> }) 

Pigs. „ „ . . . 80 per cent. 

To ascertain the eontents of dung heaps. — Measure the length, 
width and depth in feet wherever the inequalities of the heap render 
it necessary and take the mean of each. 
Bute:— 

(Length in feet x width in feet x depth in feet) -f- 27 = number 
of cubic yards 

It is required to manure a field with farm-yard dung at the rate 
of 15 tons per acre, each heap to contain 3 cwt. : at what distance 
apart should the heaps be placed ? 

There are therefore 100 heaps : 4840 -e- 100 = 48*4. Square 
root of 48*4 = (say) 7. The heaps will be 7 yards apcurt. 

To estimate the cost of draining agricultural land. — Reduce all 
items to lineal rods. The number of rods of minor drains required 
per acre may be found by dividing 2640 by the distance apart in 
feet at which it is intended to lay the drains. The number of pipes 
(12 inches long) required is obtained by multiplying the number of 
rods by 16-6. 

The number of pipes for the mains must be arrived at by measure- 
ment on the ground or the map. 

Example. — ^It is required to drain a 6-acre field with 2i-inch pipes 

21 feet apart, 3 feet deep. The main is 660 feet long and 4-inch 

pipes are used. 

2640 
Number of rods = 6 (number of acres) X -^ = (say) 629 rods. 

Labour of cutting, filling and pipe laying 629 rods at 6d. = 15 
Number of pipes required = 629 x 16-5 = 10378 : 
allowing for breakages (say) 10400 2i-inch pipes at 

30«. per 1000 

Main 40 rods, labour at Sd. per rod 

Number of pipes required for main = 40 X 16"6 = 

660, (say) 700 4-inch pipes at 46*. per 1000 . 
Outlet (say) 



This is equal to about £7 per acre, and depreciation may be taken 
at 4 per cent, per annum. 



£ «. 
15 14 


d. 
6 


15 12 
1 6 




8 


1 11 
1 


6 



35 4 


8 



MENSURATION 11 

To asoertaln the contents of timber.— There axe five sjrstems of 
measurement, known as : — 

1. The die square which represents the cubic contents obtained 
by multiplying the length by the area of the inscribed square at 
the centre of the butt. 

2. CaUiper measure in which the area of the circumscribed square 
is the basis of calculation. 

3. Tme contentSy for which the sectional area at the centre and 
the length are the factors. (Used by Continental Foresters.) 

4. Board measure by which the contents are reckoned according 
to the number of superficial feet of one-inch boards which can be 
cut out of a log — allowance for bark, &c., being made. (Used in 
America.) 

5. Quarter-girth in which the contents are taken as the product 
of the length and the square of one-quarter of the circumference at 
the centre. (Used in Great Britain.) 

In England we adopt the last-mentioned system of measurement. 
It is a compromise between the vendor who would naturally favour 
the true contents method and the purchaser who would prefer die 
square measurement, maintaining that he can only cut square 
timber out of the latter measurement. The quarter-girth system, 
then, distributes the waste, so to speak, between vendor and 
purchaser, which is a fair and equitable arrangement. 

Ruk:— 
(j girth in inches)' X length in feet ^ ^^ ^^^ ^^^ 
144 

For die square substitute 181 for 144 as a divisor in the above 
formula, and for true contents 113. For calliper measure substi- 
tute (mean diameter in inches)* for (I girtK in inches)'. For board 
measure the following rule may be used when the log does not ex- 
ceed 40 feet in length : — ^Take the mean diameter in inches at the 
small end of the log, and deduct 1^ inches from it : the result 
squared x 0*785 = tiie sectional area at small end. Then — 

(Sectional area — f^ sectional area) x length of log in feet 

12 
= the number of feet super., board measure. 

It should be borne in mind that if we wish to compare Continental 
prices with British we must raise the former by about one-third 
in consequence of the difiFerent system of measurement, because 
quarter-girth is about 25 per cent, less than true contents. 

Method of Measuring Standing Timber. — To obtain the height.-- 
The usual way is to have a pole marked off in feet held against 
the trunk. This pole may be of ash, cut from the wood, say 
15 feet long. Held at arm's length it will give a height of about 
22 feet. The remainder must be estimated by the eye. Bamboo 
rods which fit in lengths like a fishing-rod are sold for the 
purpose. These are about 25 feet in length and if held at arm's 
length will reach a height of about 32 feet. 
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If the height is required to be known accurately, a very uBefuI 
instrument for the purpose is the Apomecometer which is explained 
in a later chapter. 

To estimate the girth. — ^This is usually taken at about 4 to 5 feet 
from the ground with a strap made for the purpose and called a 
timber measuring strap. ^Diis strap gives at once the quarter- 
girth in inches, whereas if an ordinary tape is used the girth in 
inches must be divided by 4. A good strap for the purpose is an 
old and well-worn driving rein about 12 feet long with a hook at 
one end. In using, it should be stretched as tight as possible, and 
therefore in marking the sizes it should also be stretched tight. 

But in measuring the girth there are two things of great import- 
ance to be consider^. Firstly, the thickness of the bark must be 
estimated ; it is usual to allow one inch in every twelve inches of 
quarter-girth for rough-barked trees, and half -inch in every twelve 
inches of quarter-girth for smooth-barked trees. In the case of 
beech trees no allowance is made as a rule for bark. 

Secondly, a further allowance must be made for 'taper' or 
' faU off ' (i.e. the tree getting thinner at the top of the stem). 
An3i}hing under 6 inches quarter-girth is not considered, so that the 
height is calculated up to where this quarter-girth is estimated to 
be. It is obvious that when measuring at 5 feet from the ground 
the av^age quarter-girth is not obtained, and the allowance for this 
discrepancy is generally, in normally shaped trees, one inch in 
quarter-girth for every 10 feet in height for Conifers and about 
Ij^ inches in 10 feet for broad-leaved trees. Such an allowance is 
admittedly somewhat arbitrary and only experience can give correct 
results. These three methods may be given for getting at the 
average girth of standing timber : — 

1. Measure at 5 feet &om the ground, then estimate the mejasure- 
ment 5 feet from the top, and average. 

2. Estimate the girth at the centre of the tree. 

3. Measure at 5 feet and deduct one inch for every 10 feet of 
height. 

Many practical men prefer method No. 1. It has the advantage 
over No. 2 in that the error in the estimated measurement is 
corrected to the extent of one-half by averaging with the actual 
measurement. No. 3, in the case of trees such as larch and spruce 
which may be nearly cylindrical and of great length, favours the 
buyer too much. 

There are various customs as to what is to be measured for 
timber and the Kentish practice is to measure only the spire and 
give the branches against the labour: but it is a bad custom. 
It is far better to measure everything that is timber and then 
allow 6tf. to 7tf. per 100 cubic feet for the labour of cutting. 

Method of Measuring Felled Timber.— It is obviously easier to 
arrive at correct measurements when the timber is on the ground, 
and it is consequently better, when selling, to agree at a price 
per foot and then measure the number of feet when felled. 
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Take the length with a three-foot rale and mark half the length 
on the tree. At this spot take the girth with a piece of whipcord 
attached to a piece of bent wire which will enable it to be pushed 
under the trunk easily. 

Having measured with the whipcord withdraw it and fold it 
twice; thL gives the quarter girth. Now measure the folded whip- 
cord with the foot rule to the nearest quarter of an inch. Deduct 
the bark allowance. If the tree is irregular in shape, measure 
each part separately (dividing it into several logs) and add them 
together. Care should be taken to put the cord straight round 
the tree and not obliquely. 

In working out the formula given the cubic content should be 
given in feet and inches, and in arriving at the number of inches it 
would be borne in mind that an inch in this case is the twelfth part 
of a cubic foot and not a cubic inch, which is xT^^th part of a cubic 
foot. 

Exomvfie. — ^A tree has a girth of 40 inches under bark and a 
length of 30 feet. 

The quarter girth = 10 inches therefore. 

PiiWnnnnfW^ ^^ X 30 100x30 3000 

Cubic contente= -jjj- = _^^^^ = _ 

=: 20^ cubic feet. ^ x 12 = 10 inches. 

Therefore the cubic content of the tree is 20 feet 10 inches. 

Timber measurer's tables may be obtained from the Jj?«toto 
Oazette, price 3d., which will obviate the necessity of working 
out the contents. 

34 cubic feet of English oak timber (green) ^ 1 ton. 
34 „ „ beech timber ,, = 1 f> 

39 ff „ elm „ „ = l ^^ 

^v )9 „ asn ,, ,, = 1 ,1 

On a rough average pieces of timber vary within the follow- 
ing limits per cubic foot according to the quality and size of the 
timber: — 

Oak, Is. to 28. M.; ash, Is. to 2$. ; dm, beech, sycamore, 
sweet chestnut, 9d. to Is. 6d. ; lime, poplar, 9d. to Is. 3d. ; larch, 
Sd. to Is. 2d. ; Scots pine, 5d. to Sd. ; silver fir, 4d. to 6d. 

CordwoodL — Gordwood consists of those parts of a tree which 
cannot be called timber and are too big to be classed as faggots. 
It is made up into stacks of varying sizes according to the custom 
of Uie locality. The most usual size is 128 cubic feet of firewood 
cut into lengths of 2 feet 2 inches. Such a stack would measure 
2 feet 2 inches wide, 2 feet 2 inches high, and 27 feet 4 inches long, 
or 8 feet x 4 feet x 4 feet, and generally sells for about 10^. 

A siandard is a measure for converted timber. 
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To find the number of trees required to plant an aere of land. 
Bule : — Divide 43,560 by the square of the distance in feet apart 
that it is intended to plant the trees, tor square planting. 

43560 
Example. — ^At 4 feet apart : . . == 2722 (approz.). 

For triangle planting multiply result by 1-165. 

43660 
ExampU.'-'At 4 feet apart : ^tt^ X M66 = 3144 (approx.). 

To aseertain the eontents of Hay Staeks.— OUtm^ Stacks.— 
Measure the height in feet from the bottom of the stack to the 
eaves and add to it, if the stack is barge-shaped one-third, if 
' hipped ' one-quarter of the perpendicular height from the eaves 
to the ridge for the total height ; making an allowance where 
necessary for bottom or standing of stack. 

Measure the length in feet halfway between the eaves and 
bottom, so as to get the average length ; making an allowance 
for loose outsides — say, 3 or 4 inches in the case of a weU-trimmed 
stack and 6 to 9 in a not well-trimmed stack. 

Measiure the breadth in feet in the same way as the length. 
These three measurements multiplied together wUl give the cubic 
contents in feet. Divide by 27 to obtain the contents in cubic yards. 

The weight of hay per cubic yard in the stack varies con- 
siderably, depending on the nature of the hay, its age, the size of 
the stack, and the part of the stack taken. 

The weight may, of course, be accurately ascertained by actual 
measurement of the cubic contents of a truss, and from this calcu- 
lating the weight of a cubic foot. 

Large ricks are always heavier per cubic yard than small ones ; 
and the round rick is lighter than the oblong one. 

The divisors which may be used to obtain the number of tons, 
when the number of cubic yards has been found, are : — 

Not weU settled 12 

Fairly well settled 10 

Very compact 8 

Example. — ^A stack of hay measures 40 feet long, 20 feet wide, 
and 12 feet high. Find the tonnage. 

40 X 20 X 12 = 9600 cubic feet. Divided by 27 = 356 cubic 
yards approximately. Putting it at 10 cubic yards to the ton we 
get 35i tons of hay in the stack. 

Second cut clover hay will require 13 or 14 cubic yards to the ton. 

Old hay, when over two years old, deteriorates in value about 
20 per cent. ; and l^e difference in price between first, second and 
thini quality may be taken as 20^. Thus first (say), 80^. ; second, 
60s. ; third, 40s. per ton. 

Consuming price = two-thirds of the market price. 

The density of a stack may be arrived at by thrusting in the hand 
and arm or forcing in a stick. If the stick heks a hook on the end 
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of it, so that some of the interior may be palled out, the quality 
can also be judged. If the arm goes in easily the hay may be 
classed as light and the highest divisor used, but when it does not 
go far in the hay may be considered heavy. 

Bound Stacks, — ^Measure the mean circumference between 
the bottom and the eaves in feet. Measure the mean height from 
the bottom to the eaves in feet and add one-quarter of the per- 
pendicular height from the eaves to the point. Then the circum- 
ference squared multiplied by 0*08 multiplied by the height = 
the cubic contents in feet. Divide by 27 to obtain cubic yards, 
and use the following divisors to obtain tons. 

Not well settled 13 

Fairly well settled 11 

Very compact 9 

Example, — ^A circular stack has an average circumference of 
60 feet and a height of 12 feet. 

Then 60* X 008 X 12 = 3456 cubic feet = 128 cubic yards. 
Putting it at 11 cubic yards to the ton we get 11 tons 13 cwt. 
(approximately). 

Hay is sold by the ton in most parts of England, but in the 
North the basis of calculation is the Imperial stone of 14 lb. Again, 
in the neighbourhood of London it is sold by the load of 18 cwt. 
(i.e. 36 trusses weighing 56 lb. each) ; but when new hay is sold 
before September 1, the trusses must weigh 60 lb. = 19 cwt. 
1 qr. 4 lb. per load (see Tables of Hay and Straw Measure). 

To ascertain the contents of Straw Stacks.— Take the measure- 
ments in the same way as described for hay stacks. 

Taken on an average 18 to 20 cubic yards may be allowed to 
the ton for wheat, and 20 to 23 for barley or oat stacks. 

Straw is sold in London by the load of 11 cwt. 2 qr. 8 lb. or 
36 trusses of 36 lb. each. In the provinces it is sold by the ton. 

To aseertain the contents of Com Stacks.— It is a very difficult 
matter to arrive at the quantity of grain and straw in an unthreshed 
stack by calculations based on measurement. The crops should, 
if possible, be valued standing. 

The following table gives the comparative yields of grain and 
straw per acre : — 

AVBBAQB WSIGHT AKD YiELD OF CbOPS 



Gnp 


Straw per acre 


Grain per acre 


Heary 


u^ 


light 


Heary 


Hedlom 


Light 


Wheat 
Barley 
Oats 


Owt 
40 

'35 


Owt. 
30 
20 
26 


Owt. 
16-20 
10-16 
16-20 


Bushels 
36-40 
40-16 
60-70 


Bushels 
26-30 
30-36 
46-60 


Bushels 

20 
20-26 
26-30 
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K measuring of the stack is resorted to, the dimensions should 
be taken in the manner directed for hay stacb and the following 
tables used, but the results are not to be depended upon. 

Average weight of straw per bushel of grain. 
Wheat = 112 lb. 
Barley = 621b. 
Oats = 611b. 

Average weight of grain per bnsheL 

Wheat =60 lb. 
Barley = 47 lb. 
Oats =40 lb. 

Number of eubie feet of unthroshed eorn In staek to one bushri 
of grain. 

Wheat = 24 to 27 cubic feet. 
Barley = 20 to 23 „ 
Oats == 16 to 20 

Example. — ^A stack of wheat measures 23 feet long, 12 feet wide, 
and 9 feet high. Find the number of bushels of grain, and the 
weight of straw. 

23 X 12 X 9 = 2484 cubic feet. Putting it at 27 cubic feet to 
the bushel we get 92 bushels of grain in the stack. Taking the 
average weight of straw per bushel of grain as 112 lb. we get 
92 cwt. or 4 tons 12 cwi. ofshraw in the stack. 

When grain is in the heap, the number of bushels may be ascer- 
tained by taking four-fifths of the cubic contents in feet. 

To ascertain the weight of roots In elamp. 

Find the cubic contents of the clamp in feet and use one of Uie 
divisors given in the following table, according to the kind of root. 

Table 

Weight in pounds per cubic foot 

Carrots 31 

Parsnips 31 

Turnips 33 

Swedes 34 

Mangolds 35 

Potatoes 36 



CHAPTEBn 

SUKVJflXUNO WITH THB CHAIN 

Bt Land Surveying is nnderstood the art of ascertaining and repre- 
senting the shape, character, and area of any portion of the earth's 
surface, as projected on a horizontal surface. 

Standard of Measurement— Most surveyors in this country 
adopt the Gunter's chain, which is 100 links, or 22 yards, or 66 feet 
in length. Each link is, therefore, -Ajj part of 66 feet, which is 
7*92 inches. It was invented by the Kev. Edmund Gunter in the 
year 1620. 

There is also another chain in use by surveyors which is 100 feet 
in length, and is used chiefly by builders and many engineers. 

Advantages of Gunter's or the 100-Iink ehain.— 1. It is lighter 
than the 100 foot-chain. 

2. In measuring to the nearest division there is less error than 
when using the 100-foot chain, because a link is shorter than a 
foot. 

3. It is more suitable for the working out of areas, because 
(1 Gunter's chain)' = (66 feet)* s= 4356 square feet = ^ acre. 
AIbo 10 chains = 1 furlong, and 10 square chains = 1 acre. 

Advantages of the 100-toot ehain.— 1. Being longer than the 
100-link chain, it is more conducive to accuracy when measuring 
long lines. 

2. It is more convenient where calculations are required to be 
made in feet, such as is the case in builder's work, town surveying, 
and in fixing road gradients. It is sometimes called the builder's 
chain. 

3. It has an advantage in the lining out of curves based on the 
degree of curvature (though the 100-foot steel band is generally used 
for this work). 

Land ehabis are made of the best cast steel wire or of iron, in 
different weights ranging from 4 to 9 lb., and costing from Is. M. 
to 209. The best chains should have welded and not open joints 
as they will then be less liable to stretch in use. In the Gunter's 
chain there is a brass tablet at 10 links from either end, at 20 links 
from either end the tablet has two teeth, at 30 links from either 
end three teeth, at 40 links from either end four teeth, and in the 
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centre at 60 linkfl from either end there is a round piece of 
brass. 

Care must be taken when reading ihe chain because the brass 
tablet which has two teeth may be either 20 links or 80 links, 
according as it is calculated from one end of^the chain or the 
other. 

Every chain has 10 arrows or pins about 16 inches long, and 
made of the best iron or steel wire. They are pointed at one end 
and have a ring at the other. 

Besides the chains already mentioned there are the steel tape, 
steel band, 33-foot chain, and the 60-foot chain. 

The steel tape is used when very accurate measurements are 
required: steel tapes can be had of any length required — cost,|inch 
wide in case, 66 feet, about ISa, 

The steel band chain is of great use for accurate chaining in 
small survejns, as it is practically unalterable in length, because it 
has no links which can become stretched or bent. It is stronger and 
more durable than the steel tape. The 33-foot chain and 60-foot 
chain are useful in measuring sloping ground and offsets to a chain 
line. 

Freneh Measures. — ^The decametre chain = 10 metres. The 
metre is nearly toooSooo P^^ ^^ ^® distance from one of the 
earth's poles to the equator md equals 39*37 inches approximately. 
The 20-metre chain = 66*618 feet. 

These chains are used in countries where the metric system 
obtains. It will be observed that the decametre chain is about 
half the length of, and the 20-metre chain (66*6 feet) very nearly 
the same length as, the Gunter's chain. 

All areas of land, except in those cases where land is extremely 
valuable, should be expressed in acres, roods, and perches. 

Example, — What is the area of a plot of land in the shape of 
a trapezoid, whose parallel sides are 16*21 chains and 12*42 chains 
respectively, wiUi a perpendicular distance between Uiem of 21*10 
chains. 

(See Chapter I, Mensuration Rules.) 

12*42 i^^ 
g:«J} multiply 



6626000 

276300 

27630 



2 )682*9930 
291*4966 =3 area in square chains. 

There are 10 square chains in one acre, therefore by moving 
the decimal point one place to the left we get 29- 14966 acres. 



SURVETINQ WITH THE CHAIN 



lA 



To flnd fhe munber of roods, multiply the decimal fraotion by 4» 
thus— 

•14966 

4 

0-59860 and we get roods. 

To find the niimber of perehes, multiply the decimal fraction by 
40, thus— 

•59860 
4^ 

23-94400 and we get 23*9 perches. 

. * . the area = (say) 29 acres roods 24 perches. 

To express roods and perches as the fraction of an acre, divide 
the number of perches by 160. 

Example. 

3 acres 2 roods 10 perches = 3 acres 90 poles. 
90 



160 



= 0-5626 



= 3*5626 acres. 



Surveyors of experience know at sight how many roods and 
perches are represented by the decimal figures, and do not have 
to work them out by multiplying by 4 and 40, successively. 



Table fob convxbtino Dbodcal Pabts of an Aobb 
INTO Roods and Pbbohbs 



P«OlM 


OBood 


IBood 


SBoods 


SBoods 


Pordm 


OBood 


IBood 


2Booda 


SBoodt 





•000 


•250 


•500 


•750 


21 


•131 


•381 


•631 


•881 


1 


•006 


•256 


•506 


•756 


22 


•137 


•387 


•637 


•887 


2 


•012 


•262 


•512 


•762 


23 


•144 


•394 


•644 


•894 


3 


•019 


•269 


•519 


•769 


24 


•150 


•400 


•650 


•900 


4 


•025 


•275 


•525 


•775 


25 


•156 


•406 


•656 


•906 


6 


•031 


•281 


•531 


•781 


26 


•162 


•412 


•662 


•912 


6 


•037 


•287 


•537 


•787 


27 


•169 


•419 


•669 


•919 


7 


•044 


•294 


•544 


•794 


28 


•175 


•425 


•675 


•925 


8 


•050 


•300 


•550 


•800 


29 


•181 


•431 


•681 


•931 


9 


•056 


•306 


•556 


•806 


30 


•187 


•437 


•687 


•937 


10 


•062 


•312 


•562 


•812 


31 


•194 


•444 


•694 


•944 


11 


•069 


•319 


•569 


•819 


32 


•200 


•450 


•700 


•950 


12 


•076 


325 


•575 


•825 


33 


•206 


•456 


•706 


•956 


13 


•081 


•331 


•581 


•831 


34 


•212 


•462 


•712 


•962 


14 


•087 


•337 


•587 


•837 


35 


•219 


•469 


•719 


•969 


16 


•094 


•344 


•594 


•844 


36 


•225 


•475 


•725 


•975 


16 


•100 


•350 


•600 


•850 


37 


•231 


•481 


•731 


•981 


17 


•106 


•356 


•606 


•856 


38 


•237 


•487 


•737 


•987 


18 


•112 


•362 


•612 


•862 


39 


•244 


•494 


•744 


•994 


19 


•119 


•369 


•619 


•869 


40 


•250 


•500 


•750 


1000 


20 


•125 


•375 


•625 


•875 




Lfkl 




1 d 





o 2 
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To convert links to feet.— Multiply by 66 and mark off the last 
two figures (i.e. divide by 100). 

Example.— 50 links = 50 x 66 » 33*00 feet. 

To eonvert links to yards.— Multiply by 22 and mark off the 
last two figures. 

ExafiviHe.—60 Unke = 60 X 22 » 1100 yards. 

To eonvert feet to links.— Multiply by 100 and divide by 66. 

Example.—^ feet ^ {M X 100) -^ 66 = 50 links. 

To eonvert yards to links.— Multiply by 100 and divide by 22. 

Example.— II yards = (11 x 100) ^ 22 == 60 links. 

CUSTOMABY AND StATUTB MbASTTBS 

Originally land measurement differed in various parts of England, 
being governed by custom : hence the term ' Customary Measure.* 

At the present time land measurement all over England is 
governed by Acts of Parliament : hence the term ' Statute Measure.' 

Three Acts are responsible for our present standards of measure- 
ment, viz. : — 

34 Henry VIII (1642) enacted that the acre should be 10 
square chains. 

6 Oeorge IT (1824) enacted that the yard should be called the 
Imperial Standard yard. It is the distance between two marks on a 
certain bar which is kept in the Standards Office at Westminster. 
(There is a replica let into the raised pavement on the north side of 
Trafalgar Square.) It also fixed our lineal and square measures as 
given in (Siapter I of this book. 

6 <Cr 6 Wittiam IV. (1836) abolished all customary wdghts and 
measures. 

Occasions may occur, though very rarely, when it is necessary 
to reduce customary to statute measure. This may be accomplished 
as follows : — 

Reduce the roods and perches to the decimal of an acre and 
multiply by the number of square feet or square yards in the 
customary acre. Reduce this quantity to acres, roods and perches 
by statute measure. 

Example. — Reduce 10 acres 2 roods 20 perches customary to 
statute measure, when the customary acre contains 4000 square 
yards. 

10 acres 2 roods 20 perches = lOf^ =: 10*626 acres. 10*625 
customary acres x 4000 (number of square yards in 1 customary 
acre) = 42600 (number of customary square yards). 42600 -£- 4840 
(number of square yards in 1 statute acre) = 8*781 nearly. 
. - . 8*781 = the area in statute acres. 

4 

8*124 
40 
4*960 
• '. The area in statute measures: (say) 8 oeretf 3 foocb 6 i^fckes. 
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Systemafle Surveybig. — ^With a thorough understanding of the 
oirdinary rules of mensuration, there is no doubt that the survey of 
a piece of country could be made and laid down to scale on paper 
by anyone of average intelligence, provided that he took sufficient 
and careful measurements. "Each field would be measured sepa- 
ratefy, and the trouble would b^in when the surveyor wished to 
join the fields together on paper so as to make a complete plan. 
This would be bad enough, but it would be nothing to the difficulty 
which would confront Uie draughtsman who had never seen ihe 
country in question : he would be utterly at a loss to place them 
in thehr relative positions from the surveyor's field notes. 

It is obvious then that a system is demanded, which will be 
understood by all surveyors. 

Equipment — ^First of all let us consider what equipment we 
shall require on setting out to make a complete chain survey of 
land. It should consist of a chain and arrows, already described, 
and the following : — 

Rangtaig rods, poles, or pickets.— These are poles painted red, 
white, and black, of say 1 to 1| inches in diameter, and from 10 to 
15 feet in length, shod with iron so as the more easily to be inserted 
in the ground. The longer poles should have a white flag attached 
to the top so that they may be seen at a distance, lliese poles 
or rods are used for marking the station points and ends of the 
chain lines. Cost from 309. to 60^. per dozen. 

P6gs or f&lse pickets, made of wood, about a foot long, pointed 
at one end and say 2 inches square at the other, for the purpose of 
marking stations. They should be driven into the ground to 
within 3 inches. 

Offset Pole. — ^This is a rod of 10 links in length, each link being 
marked off in alternate bands of black or red and white : it is used 
for taking measurements from the chain line to inequalities in the 
boundaries : cost about Sa, 6d. A tape may be used for this 
purpose also, but it is not advisable, as it is liable to become 
permanently stretched with use, and so inaccurate. It is a 
nuisance when the ground is wet, and is quickly spoilt in such 
conditions. 

A Field Book in which to enter measurements : a pencil and a 
piece of india-rubber. In addition to the above mentioned we 
might include a Cross-staff or an optical square, both of which will be 
described later, a bundle of laths or sticks called ' whites ' for lining 
out the chain line if very long, a pair of field glasses, and three 
assistants. 

Cadastral and Geodetle Surveys.— It might be mentioned here 
that the scope of this book does not extend beyond what is known as 
-JMBStrsl Surveys. A Cadastral Survey is a field-by-field survey, 
miide with the object of delineating correctly the boundaries of 
each field and showing its area and nature. The scale of such a 
survey, therefore, must be large enough to show cleariy aJl detail ; 
the 26-inch (tbW) Ordnance Survey map may be taken^^as a good 
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ezftmple of a cadastral map. In cadastral surreys the spheroidal 
shape of the earth may be n^lected, and its surface may be taken 
as a plane. We may, accordingly, solve all problems in this 
connection by plane trigonometry, and the error thus introduced 
'will be a negligible quantity. The sides of the triangles in such 
surveys are taken as straight lines when they do not exceed six miles, 
but in longer lengths than six miles the curvature of the earth must 
be taken into consideration. 

A Geodetic Survey, or trigonometrical survey, takes into con- 
sideration the shape of the ei^th, and spherical trigonometry must 
be used for the solution of the triangles laid down. That branch of 
surveying which deals with the survey of a country, or extensive 
areas of the earth, is termed Oeodeay. 

Method of Chaining. — ^The surveyor should take the chain 
when folded in his right hand, with both handles in his left hand, 
and throw it sharply from him, keeping hold of the two handles. 
If the chain has been properly done up, it wUl ' fly ' clear, without 
any knots in it. 

Poles are placed in the ground at the extremities of each line 
to be measured. Two men are required to ' run ' a chain line, one 
to pull, called the ' leader,' and one at the other end to ' drive,' or 
give direction, called the ' follower.' The follower holds the handle 
against the first pole, and directs the leader, who takes the ten arrows, 
in line with the pole at the end of the chain line. At the end of this 
chain, and of each successive chain, the leader puts in an arrow, and 
the follower collects them as they proceed, until all the ten arrows 
have been picked up or the end of the line has been reached, when 
the follower gives them back to the leader. The leader should 
carefully count them, on receiving them from the follower, to see 
that one has not been left behind. This is called a taUy point. 
Tally points should always be booked in the field book, whether 
an offset has been taken from that point or not. 

To do up the chain after use, take hold of the round tablet at 
the centre, and double each pair of links backwards and forwards 
until the handles are reached ; the chain when done up in this way 
should resemble a wheatsheaf : fasten with a leather strap. The 
arrows are best carried in a quiver, as they are dangerous things to 
have ^a-nging loose, especially when getting over a fence. 

Inaceuraeies In Chaining.— Some of the many causes of inaccu- 
racies arise as follows : — 

1. Through not testing the chain before commenciog a survey. 
In a large survey the chain should be tested daily. A steel tape is 
useful for this. 

2. Through not pulling the chain tight when the arrow is put 
in by the leader. 

3. Through the leader not putting in his arrow exactly per- 
pendicular, and close to the hancUe of the chain. 

4. Through the follower not keeping his arrow perpendicular 
when holding the handle of the chain against it. 
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6. llirough not making aUowanoe on sloping ground so as to 
reduce the measurement to the horizontal. 

6. Through not taking sufiBicient care when traversing difficult 
ground, and going through fences. 

7. Through not keeping in proper ahgnment. 

When a long line has to be chained it will help the 
chainmen to keep in a straight line if intermediate points 
between the stations are ranged in at regular distances. 
For this purpose a bundle of laths is useAil. 

WhiteSy as they are called, may be cut for this purpose 
from underwood about 3 feet long. A piece of white paper 
inserted in a cleft at the top of the stick will enable it to 
be seen more easily. 

8. Through a knot occurring in the chain, or a link becoming 
bent or kinked. 

9. Through the follower losing an arrow. 

10. Through reading the links at the end of a chain line, or 
booking them, wrongly. 

11. Through variation of temperature from which the chain 
expands or contracts. 

In this country, however, a variation of 80® F. (which 

more than covers the ordinary range of the temperature in 

winter and summer) makes a difference of about half an 

inch in a chain's length, which is practically negligible. 

Chain Error. — ^The correct length of a chain on the ground ie 

from the outside of one handle to the aiUaide of the other. The 

chain should be held thus : — 




Fig. 1. 



If both arrows are outside the handles the thickness of an arrow 
18 added to the length of the chain. If one arrow is outside the 
handle and the other inside, then the thickness of a handle is lost. 

If the chain is incorrect in length to start with, its error should 
be noted in the field book at the b^inning and end of every day's 
work, and the mean taken as the correction required. 

Conection of Chain Error. — ^When a line has been measured with 
an incorrect chain, the true length of the line may be found by 
proportion. The length of the correct chain is to the length of the 
chain used as the measured distance is to the true distance. 
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EoMmple. — Suppose a chain has staretched 3 links and the 
measured distance is twenty chains. 

Then 100 : 103 : : 2000 : true distance 
. * . Thb tbub distance is 20-60 chains 

The Surveyor's Field Book. — ^A surveyor's field book is used to 
record the sketches and measurements which have been made on 
the ground. It is of pocket form (i.e. opens from the end) and is 
usually about 8 inches long and 4^ inches wide. There are two 
methods of ruling the pages, one with two lines down the centre of the 
page lengthwise, forming a middle column, and one with one line. 

The double line, or single line, represents the chedn line, and 
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between them, or on it, are recorded all the measurements made on 
the ground which refer to the length of the chain. It is open to 
argument as to which is the better method, and it is probably only 
a matter of taste. With the double line all the chain measurements 
are kept to themselves, and there is Uttle likelihood of their being 
mixed up with the offset measurements, which are placed alongside 
at right angles. 

With the single line there is this advantage, that more room is 
allowed for sketching in fences and detail at the side, and when a 
fence crosses the chain line, it can be drawn across the single line, 
which may not be done when two lines are used. A reference to 
Figs. 2 and 3 will make this clear. 

With reference to Figs. 2 and 3. The entiy of the work should 
be done as f oUows^: — 
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1. Open the book to what is usually known as the end, and 
commence at the bottom of the page, working upwards. 

2. Draw a line across the first page about half-way, and under- 
neath it write the name of the estate or farm, locality, and date. 

3. Above the line draw a sketch of the survey lines (and fences if 
desired) you intend to 'run,' numbering them and showing the 
direction in which they are chained. 

4. Starting with the first line, write at the bottom of the next 
page, within the chain column, or across if a single line, the words 
'line 1.' 

5. On the right of the words line 1 enter the direction in which 
this line Ues with regard to the north, i.e. its ' bearing.' (See use 
of Prismatic Compass.) 

6. To commence with the readings of the chain. Enter in 
the column the first reading of the chain, which is 0*00, and put 

a ring round it thus ^0^0^. Only figures read from the chain, and 

no others, appear in this column. Wherever a station is reached 
a circle diould be drawn round the figures in the chain column 
to indicate that it is a station. From this circle should be shown 
the approximate direction of other chain lines, with the number 
of each written against it. 

7. Irregularities in boundaries, and all objects to be surveyed, 
are measured by means of offsets from the chain line. As the 
chain Ues stretched tight along the ground, the point in it from 
which the offset is to be measured perpendicularly is noted in 
the chain column, and the length of the offiset in links entered at 
the side outside the chain column. 

8. Having reached the end of a line draw a single line over 
the last figures entered in the chain column. 

9. At the right of the figures ^-00^, in each successive line, is 
written the number of, and the distance in, the line from which 



that line starts, thus : 



^3 

Line 2 



at 12*61 
in Line I. 



10. Proceed with all the survey lines, as described, until the 
survey is completed, and then draw a double line across the 
page. 

Ofbats. — Offsets are measurements from the chain line to the 
boundary : they are always made at right angles to the chain, 
and the right angle is generally judged by the eye when the offsets 
are short. 

Offsets to buildings.— When offsetting to a building it is only 
necessary to fix two of the points by offsets as shown in Fig. 4. 
All important points should be fixed in this way, a single oftaet 
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being insufficient. A plan of the building should be dra\ni on a 
separate page, from actual measurements round the base. 

A rectangular offset is one taken at right angles to the chain 
line, and an oblique one is taken at an oblique angle. In taking 
ofbets with a tape, the ring of the tape is held at the spot to which 




the offset is being taken, and the surveyoir then swings the tape 
horizontally until the shortest measurement is obtained : this is 
the length of the offset, and also the point on the chain line at which 
it is made. Such an offset is called a swing offset. (See Fig. 6.) 



M. 



CHAIN LtNB 
FlO. S. 

Seeondary offsets may be used on certain occasions such as shown 
in Fig. 6. They are taken at right angles to the original offset. 

offset 




Where the work is important, it is better to erect a triangle as 
in Fig. 7. 




Length of Offsets. — Long offsets never give accurate results, 
and a limit of 100 links should be observed. Some surveyors do 
not consider that an ordinary offset, set out by the eye, should be 
longer than 50 links, and it is unquestionably safest not to exceed 
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this figure. If some instrument be used to set them out, suoh 
as the cross-staff, box sextant, or optical square, they may 
perhaps be as long as 2 chains. This would not matter in open 
country, but in towns, and where great accuracy is required, ttiey 
must be kept short and taken as carefully as possible. 

Offsets to a gate. — ^Fix one of the posts carefully by means of 
two offsets as shown in Fig. 4, and then measure the width of 
the gate. Or fix both posts with two offsets. 

Offset to footset hedge.— A footset hedge is a hedge without 
a ditch which divides two properties. Take the offset to the centre 
of the hedge. 

Offset to a hedge and diteh. — When plotting the boundaries of 
properties divided by a hedge and ditch, it should be remembered 
that the edge of the ditch farthest away from the hedge is the 
actual boundary, and not the hedge. (See Fig. 8.) 



A'« Property 



B'* Property 




Fro, 8. 



It is always advisable, however, to inquire in the neighbourhood 
the actual position of boundaries. 

On a plan or estate map and in the field book, the side of the 
ditch on which the hedge stands may be shown conveniently with 
a small t. (See Fig. 9.) 



Fro. 9. 

Offset to hedge with ditch on either side.— Take the offset to 
the centre of the hedge. When booking offsets to more than 
one spot, take each separately and place the sign + ^u8) between 



them, thus:^ — 



7-ai 



Un«2 



•f*6 8 Or, in running 
^ measure, as it is 
C called thus:— 



7-21 



Une2 



«^?l 



In booking measurements of feet and inches, it is a good plan 
to do so as pence and shillings, thus : — 4/3 instead of 4' 3'. 

How to set out a Line at Right Angles to Bnothw.— Method 1. 
By the eye. — ^This method should only be adopted for the purpose 
of obtaining offi3ets at right angles to the cham line. If the offset 
pole is laid on the ground with one end touching the chain and the 
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other pointing towards the object to be measared to, it can easily be 
seen if the two angles thus formed by the pole and the chain line 
appear equal. If they do not appear equed, move the o£Eset pole 
either backwards or forwards along the chain until they do. 

Method 2. By means of a square (Fig. 
10). — ^This is a simple and fairly accurate 
method for setting out ofbets, but it adds 
to the number of tibings to be carried about, 
which is a disadvantage. A square made 
of flight deal with perpendicular sides of 
(say) 3 feet in length is laid on the ground 
with one side against the chain line. 

Then — (a) U the perpendicular is to 
be erected from a given point in the 
chain line, the right angle of the square 
-g^^ jQ is placed at the point, and the perpen- 

dicular line sighted off. 
(6) If from a given point withoui the chain line, the square 
must be held in the hand, keeping one side exactly over, and in line 
with the chain : the point in the chain where the perpendicular 
will fall may be fixed by walking either backwards or forwards until 
the given point is sighted along the edge of the square. 

Method 3. By means of a (Aain. — ^There are two ways of doing 
this, either of which is suitable for ranging short lines, the given 
point being in the chain line. 

(a) Let AB be the given chain line, and the given point 
(Fig. 11). Measure off on the chain line from a length CD equal 
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Fio. 11. 

to 30 links. Place arrows in the ground at and D. Fix one end 
of the chain at and the ninetieth link at D. Take hold of the 
fortieth link eand puU it out tight to E. The triangle thus formed 
will be a right-angled triangle (the angle DCE being a light angle), 
because DC = 30, CE »:= 40, and DE » 50, and by Euclid, I. 48, 
if the squares on two sides of a triangle together equal the square 
on the other side, the angle contained by the two former sides must 
be a right angle. 




Example, 

IX? + CE« = DE« 
.-. 30« +40« =:50« 
.-. 900 + 1600=^2500 
.'. 2600^2500 
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This method is very useful and often made use of in practice. 
The following whole numbers may also be employed : any multiples 
of these numbers will give right-angled triangles. 

Sides of right-angled tri^igles : — 

3 4 5 

6 12 13 

7 24 25 

8 15 17 
^20 21 29 

(6) Or again, let AB be the chain line and C the given point 
in it (Fig. 12). 

J 



Ao 




D 25 C 25 E 
Jha. 12. 
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Measure off on each side of C a distance equal to 25 links to 
D and E. Fix one end of the chain at D and the other at E. Take 
hold of the fiftieth link, and pull it out tight to F. 

Then CF wiU be the perpendicular. 

Method 4. By means of a croee-etaff or erosa-head. — ^There are 
different forms of cross-staff (see Figs. 13 and 14), but a conunon 





¥iom 14» 



kind consists of a hollow brass box, octagonal in shape, and about 
3 inches in diameter and 5 inches deep. (Cost about 7s. 6d.) It has 
slots cut in opposite faces of the octagon,' one portion of the slot 
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oontaining a vertioal wire. If the upper half <rf one slot contauifl 
the wire, the wire is placed in the lower half of the slot in the opposite 
face. There are consequently, pau» of slots at right angles to each 
other, and also pairs by which an angle of 45'' may be laid out. 
The cross-staff has a socket which fits on to a pointed staff. The 
staff is placed in the ground so that a pair of slots corresponds to 
the direction of any line. A sight along another pair of slots 

gives the proper direction for an 
angle of 90"* or 45° with the first 
line. 

It is but a poor instrument and 
little reUance can be placed on 
it. It is only used, as a rule, in 
measuring land for ascertaining 
areas, when diagonals and perpen- 
diculars are all that it is necessary 
to measure, as m Pigs. 19 and 20 (p. 34). It has been superseded 
by the optical square. 

A rough cross-head may be made out of a piece of round or 
square wood, 1} inches thick and about 6 inches in diameter or 
sides, having two fine grooves ^ inch deep in it which are at right 
angles to each other. ^Sis is fixed on the top of a pointed staff about 
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5 feet long so as to form a small table. It is used in the same way 
as described above. 

Method 5. By means of an optical square. — This is a small 
circular metal box from 1} to 2\ inches in diameter and } inch 
deep, in which are fixed two mirrors inclined at an angle of 45** 
to each other. These are protected by a metal cover which 
sUdes round so as to cover the openings. (Cost about 30^.) 
(See F^. 15.) ^ . 

Fig. 16 is a plan of me mstrument m section. 

A is the eyehole, and B an aperture exactly opposite to A, 
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while is the opening through which a pole at T is reflected on 
to the mirror F. The mirror E is half plaon glass and half silvered, 
and is inclined at an angle of 120° to the axis of the instra- 
ment, AB : the mirror F is all silvered and inclined to the axis AB 
at an angle of 165**. To use the instrument, look into the eyehole 
at A through the plain glass portion of the mirror E, and a pole 
at X is seen by direct vision. Let the eye now look on to the 
alvered portion of the same niirror E, and the line of sight is reflected 
at right angles to AX as shown by the arrow heads. An assistant 
with a pole at T is moved backwards or forwards until the reflection 
of the pole T is seen in the silvered half of the mirror E directly 
above the pole X as seen by direct vision. ¥Y is then perpendicuhur 
to the line AX. 

To find the point in the chain line which is at right angles to 
an object without, say T, move backwards or forwajnls along the 
chain line until the object Y is reflected in the silvered portion of 
the mirror exactly above X. The instrument is then at the point 
in the chain required. 

The theory of the instrument depends on the well-known law 
that a ray of light striking a plane mirror is reflected again from 
the surface at an angle equal to that of incidence, i.e. the angle of 
incidence = the angle of reflection. 

Now the mirror E is placed at an angle of W" with the line 
ABX, . - . AEH = W, and the mirror F is at an angle of 45"" with 
the mirror E. 

The angle of reflection AEH = the angle of incidence FEI 
. • . FEI = 60° 
also FEG = 60" 

In the triangle lEF, lEF = 60° and EIF = 45% 
. • . IFE = 76° 

But the angle of incidence KF6 = the angle of reflection 
IFE = 75°— 

. • . EFG = 30°. 
In the triangle EFG, FEG = 60° and EFG = 30°, 

.-. FGE = 90°. 
So that the line FGY is at right angles to the line ABX. 

The use of the instrument is practically confined to level ground, 
as if it has to be tilted in order to obtain reflection, the right angle 
is set off in an oblique plane, and is consequently not a right angle 
in a horizontal plane which is required. 

The instrument is liable to get out of adjustment and should 
be tested occasionally. This can be done, in some instruments, 
by means of a screw or key which will slightly turn one of the 
minors. 
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To Adjust (Fig. 17). — Pat in two poles at a good distance 
apart, and in exact line between these erect a tripod stand. Place 
the optical square upon the tripod. Put in pole 3 at a distance, 
so that it appears coincident by reflection with the direct sight 
of one of the two poles. Now turn the optical square right over, 
and sight in the opposite direction the other of the two poles and 
observe the third pole. If this still appears coincident by reflection, 
the instrument is in adjustment. If not, correct half the difference 
by means of the key provided for the purpose. 

J © 2o 
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The*optical square may be used on level ground for getting 
into line with two distant stations. Sight on to the first station 
and set out a perpendicular : then sight on to the second station 
and set out another perpendicular on the same side. Move to 
one side or the other until these two perpendiculars coincide. The 
position of the instrument will tlien be in line with the two stations. 



How A SUBVEY IS MADE 

The area to be surveyed is laid out in a number of triangles 
which must be properly checked by subsidiary lines. The reason 
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for adopting the figure of the triangle is because it is the only 
geometrical figure which cannot change its shape without at the 
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same time altering the length of its sides. Consequently, if 
we ascertain the length of its sides by measurement, its shape and 
size are determinate. Proofior tie lines must be run to cheek the 
work of measuring, which is, of course, liable to inaccuracy. 

SmaU Surveys. — If tixe survey be of only one field it may be 
made by running a diagonal (see Fig. 18) and building on the 
diagonal triangles whose sides will run as near as possible to the 
boundaries. The triangles thus formed should be checked by a 
tie or check line. 

The small circles represent the stations or poles. The chain 
lines are numbered, and the direction in which tiiey are measured 

Fidd Book of Fig. 18 
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is shown by the arrow-head. Offsets are taken from lines 2, 3, 4,- 
and 6 to the boundaries at right angles to the chain lines, where 
shown. Line 6 is the ' tie ' or ' proof ' line which enables the 
figure to be checked when plotted on paper. The length of this 
tie line, as measured on the ground, should be the same as the 
distance scaled between the same stations on the paper (see chapter 
on Plotting), if the work has been done correctly. U the distances 
as measured and scaled are not identical and the error is a large 
one, the work must be done again. The purpose for which the 
plan is required will decide what degree of accuracy must be attained* 
An error of 1 in 1000 may be allow^ : considerable care is necessary 
to obtain this decree of accuracy. 

If a plan of we field shown in Fig. 18 were not required, but 
merely its approximate area, it would not be necessary to make 
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Buch a complete survey. It would be sufficient in this case to 
run a diagonal from A to B, leaving marks at the points on the 
diagonal at which the two perpendiculars upon it CD and EF 




Fro. 19. 

should be set off by means of a cross-staff or optical square. (See 
Kg. 19.) 

The area could be calculated from these measurements according 
to the rules for triangles. (See Chapter I.) 
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The lines AB and CD have been elongated a little so as to allow 
for the irregularities of the boundaries. If the boundaries were 
straighter, idl the lines could be measured within the area, and a 
fairly accurate result would be obtained. 

Fig. 20 gives another example of surveying when the area only 
is required. 
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The field book for Hg. 20 is as follows : — 
Field Book 
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When it is not possible to see the comers from one another 
or from any point within, it is necessary to set out three or more 
poles within the field at convenient places and chain the distance 
from them to the comers. In this manner the field is triangulated, 
and the perpendiculars are measured within the different sets of 
triangles as before described. 

This is the easiest and quickest method of surveying when 
only the area is required. 

Surveys larger than One Field. — In the case of a survey of 
(say) 20 to 60 acres, the first tlung to be done, before laying down 
any survey lines, is to make a reconnaissance, and rough sketch- 
map. By walldng over the ground it is possible to see the he of 
the land, so that the best places for the main stations can be selected 
and the best way to lay out the chain lines chosen. The various 
dijficulties and obstacles are noted and a rough sketch of the area 
to be surveyed is drawn in the field book. The sketch also contains 
the chain Imes and stations adopted for the survey. 

In laying down the survey lines the whole area should be divided 
as nearfy^ as possible into two equal portions by a line called the 
base ttne. This line should be the longest line it is possible to get 
conveniently within the area to be surveyed : it should be selected 
over as level and open ground as possible and should be measured 
twice or three times to ensure the greatest possible accuracy. 
On it the other lines in the survey are based in the form of triangles, 
their stations being so selected that they will be clearly visible 
from each other, and will give a clear straight line for measurement 
between them. 

D 2 
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By selecting a base line in the centre of the aurvey accumulation 
of errors in the system of triangles laid out on it to take in the 
boundaries is avoided, because tiie liability to inaccuracy in the 
triangulation increases with the distance from the original base. 
Additional lines must be run inside the triangle wherever a fence 
has to be picked up and offsets are taken, as required, from them 
to the fence. Every triangle must be properly checked. Very 
often a line crossing in the form of the letter X will check the whole 
survey as shown in Fig. 18. This is a good form of check to adopt 
where possible. 

Generally, however, the lines required to pick up the fences 
will check the triangles without the addition of extra lines. A 
careful study of Fig. 21 and its field book (pp. 38, 39) should make 
the work quite clear. 

Larger Surveys. — ^In large surveys there will be a system of base 
lines, more triangles, and more chain lines, and much more detail to 
take up ; but the same principles apply, and the following points 
should always be observed : — 

1. The triangles should be disposed so as to suit the ground 
to the best advantage. They should be as large and as few as 
possible ; the longer the chain lines the better. 

2. The sides of the larger triangles should run as close as possible 
to the boundaries, so as to avoid long offsets, or the necessity of 
making subsidiary triangles to pick up the boundaries. 

3. The triangles formed should be well-conditioned; ».e. the 
angles should be neither too acute nor too obtuse. Angles of less 
than 30^ or more than 150° should be avoided. 

4. The lines inside the main triangles should terminate where 
possible in the base line. 

5. It is permissible to make a short production of a long fixed 
line, but not a long production of a short one. The end of the 
line, so produced, should be fixed by a tie line, if important. 

6. Always work from whole to part, and not from part to whole. 

7. Always check every triangle or important point, such as a 
long offset, by one or more independent measurements. 

Extent of Use of Chain Surveys.— In an open country which is not 
very hilly there is nothing more accurate than a chain survey for 
preparing plans on a large scale, but it is advisable to Umit its 
extent to about 600 acres. In a hilly country it is not so accurate, 
besides being very laborious : in such cases instrumental surveying 
should be adopted. 

The Prismatle Compass.— Natural magnets being very rare, 
artificially magnetised pieces of steel are used instead. The usual 
process of magnetising a bar consists in rubbing it with an already 
magnetised bar. 

The magnetic needles of surveying instruments are usually made 
in the form of flat bars with a cap at the centre which is balanced 
on a fine point. 

In some cases the longest section is placed horizontally and in 
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others vertically. If horizontally the needle is called a ' broad 
needle,' and if vertically an ' edge-bar needle.' The latter, of course. 



Field Book of Fig. 21— coiU. 




e 0-60 



Jo-oo 




^^|kl3«0mUiic4 
3 







y 






£U^(^^ 




£^ I 


(^ 


19 




^■^ 


i 


(S^ 


,^ 






OS^ 


(5^ 


/ 




\ 1 


♦ •70 


20 


^ 


I0«5 




5-ao 


•i 


2-95 

209 

010 


28 
22 


"•^-io^/ 


@> 


HHimlintt 


(® 


19 \ |At5-90lnUftea 

1 


(^ 




iltSTOInUncIO 


Cg^ 




UmS 


LincK) 


Lincli 



20 



is required when it is necessary to read a fized scale of divisions 
because it can be ground to a sharp edge. 

The ' cap ' at the centre is generally made of some hard precious 
stone, mounted in a brass cup. The stone generally used is an 
agate. The needle is balanced on a hardened steel point. On 
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account of the steel point, upon which the needle swings, being 
liable to wear, and so prevent freedom of movement, all surveying 
instruments are fitted with a means of lifting the needle off its point. 
In order that the survey may be laid down on paper, or plotted, 
so that it is possible to determine its position with regard to the 
points of the compass, it is necessary to take the direction of the 
first line of the survey by a compass. The instrument used for 
this purpose is the prismatic compass. Fig. 22 shows a type of 
instrument made by Messrs. Thornton, Manchester. 

Its Use. — ^To obtain the direction in which the first line lies 
proceed in the following manner. Stand at the end of the line with 
the prismatic compass, holding it exactly over the first station 
(or if it is mounted on a tripod, which is better, set the latter up 

exactly over the station) ; look 
through the slit on the top of the 
prism P, align the sight-vane S on 
to the end station, and when the 
needle steadies read the number of 
degrees from the card. This can 
be done by means of the reflecting 
prism at the same time as the 
sight- vane is observed on the end 
stotion, without moving the eye 
from the slit. Care should be taken. 
to hold the instrument in a horizontal 
plane so that the needle may swing 
freely. 

B is a mirror which is supplied 
with the instrument. It slides on 
and off the sight- vane S, and is for 
the purpose of reflecting the images 
of objects above or below tiie 
horizontal plane of the observer's eye. If the magnetic azimuth 
of the sun be required the dark glasses N must be interposed 
between the sun's image and the eye. 

When not in use the sight-vane, which is hinged, is shut down 
on the glass and the prism turned down, so that the instrument 
can be packed into a leather case. (Cost about two guineas.) 

The direction of the first line of the survey as obtained by the 
prismatic compass is called its ' bearing,' and the angle read is always 
so many degrees EaM of North. The bearing of a line, then, is the 
angle it makes with the magnetic meridian, and is measured from 
the meridian to the line in the direction of the hands of a clock. 
Meridian may be defined as ' a great circle supposed to be drawn so 
as to pass through the poles of the earth, and the zenith and nadir 
of any given place intersecting the equator at right angles.' The 
azimuth of a straight line is the angle which it makes with the 
great circle of the meridian passing through a point in the same ; 
or, in plainer language, is an angle taken fiarizorUaUy with the 
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meridian as opposed to an angle in deration. It will be understood, 
from what has been written, that the prismatic compass gives 
' bearings ' and not ' angles.' The horizontal angles between any 
distant objects are obtained by taking the difference of their 
observed bearings. 

To test the aeenracy of a Prismatic Compass.— Stand on a straight 
line and observe the bearings of this line in both directions : these 
should be the opposite points of the compass. Repeat the experi- 
ment on another straight line nearly at right angles to the first. 
This will test the card as to accurate centring. 

It is not necessary to have a Prismatic Compass to obtain 
the bearing of the first line of a survey, though it is the 
proper instrument for the purpose ; it may be taken with an 
ordinary compass thus : Hold the compass exactly over the 
station, wait untQ the needle steadies and points to the magnetic 
north, then read the number of degrees contained by the angle 
formed by the needle and the survey line. It is as well to tcJse 
this readimr from either end of the chain line as a check. Note 



in the field book whether the bearing is east 

or west of north in this case. q A >f f 

Surveying with the Prismatic Compass.— r^^ >^v'^ 

There are two methods, one is known as l>^:i'^^^X^\\ 



Traversing, to be described later, and the other aIc 
«" the TriangvkUion method. s^TV: 

Measure a base line in the centre of the \ ^i&^^^^ 



^^" 



area so that the majority of important points G ' "^ 

around may be visible from the ends of it. Fia. 22a. 

Take bearings from the two ends of the base 

line to all the objects required, and check bearings from each 

of these objects on to the ends of the base line, and on to ^one 

another. 

Bearings taken from both ends of a line should differ by 180^. 
The positions of objects are thus fixed by the intersection 
of lines drawn from the points of observation. Any two of the 
extreme points of the first survey thus fixed will act as a fresh 
base for extending the survey in a similar manner in other directions. 
A large area of coimtry can thus be surveyed in pieces, but the 
accuracy of the work will only be approximate unless checked 
by fitting in with the known points of some trigonometrical 
survey. Fig. 22a shows the base line AB of a prismatic compass 
survey, with the points C, D, E, F, &c., fixed by intersection from 
either end. 

Hagnetie Variation* — ^The compass needle does not point to the 
true north, i.e. to the North Pole. Its direction is continually and 
regularly varying, the needle at present (1914) at Greenwich pointing 
alK>ut IB"" l& to the west of the north. It will continue to 
change annually, approaching nearer to the north at the rate of 
about seven to nine minutes per annum, and then it will continue to 
change in the same direction for some distance to the east of north. 
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Afterwards it will swing back again, the maximum east or west 
of north being about 25^. The number of degrees given by the 
compass is the number of degrees which we enter in the field book, 
the allowance for variation being made only when the work is 
plotted. In plans of land we generally show the direction of the 
magnetic needle with the north point as in Fig. 23. 

This deviation of Uie needle is called the ' Declination of ihe 
NeedleJ It varies at the same place yearly, at different times of 
the year, and to a smaller extent diurnally. The diurnal variation 
is said to change continually at the rate of one or two minutes per 
hour, being greater in sunamer than in winter. 

A chart is published which gives the declination of the needle 
at difFerent points of the earth's surface, and lines drawn through 
those points at which the variation is the same are called ' laogonic 
Lines,* The line along which there is no variation 
is called the ' Agonic line.* 

Besides this variation the needle is subject to 
violent and irregular disturbances which are known 
"** as magnetic storms. The needle in these circumstances 
oscillates rapidly. Earthquakes, volcanic eruptions, 
and an Aurora Borealis will cause these occasional 
vibrations. 

Fio. 23. Local attractions, such as iron pipes in the ground, 

^ lamp posts, railings, even steel about the person, may 

ropreBente ^^^^^^ trouble. 

the mag. '^ ^^.' consequently, be seen that the compass 

netio north ^ not an instrument of precision, and a survey con- 
and tho star ducted with it can probably not be relied upon to a 
the trne greater degree of accuracy than }''. It is, however, 
north. a very usehil instrument for rapid work and for filling 

in the details of a survey, especially when there are 
several points on which the work may be checked. So far we 
have considered only magnetic needles which are set free to move 
in a horizontal plane, but, though it does not concern our work 
with the prismatic compass, it is worth while noting that if needles 
were so supported as only to move in a vertical pkme, it would 
be found that they would ' dip ' down from the horizontal. 

The ' dip ' varies, just as the declination, at different places, 
and lines connecting those places where the ' dip ' of the needle 
is the same are ccdled * laodinic lines.* The fine along which 
there is no dip is called the ' Aclinic Line.* At the magnetic poles 
a dipping needle stands vertical. 

As the declination of the needle is different at different places 
and different times, it is therefore absolutely necessary that a 
surveyor who uses a compass 8hoi:dd be able to determine its varia- 
tion on the spot by astronomical observation. 

To find direction of True North.— 1. In our hemisphere the 
shortest shadow of the sun on any day points to the true north. 
2. A north and south line may be found approximately by 
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pointixig the hour hand towards the sun and bisecting the angle 
made between it and the XII on the dial. 

3. Obtain the magnetic north by the prismatic compass and 
find its variation by reference to Whitaker's Ahnanac, under the 
heading ' Magnetic Elements.' 

4. Select a convenient piece of ground, which is level, and 
erect a pole (this might be done on the base line) perpendicularly. 
About an hour or so before mid-day make a mark on the ground 
at the extreme end of the shadow and put in a peg. Now, with 
the bottom of the pole as centre, and the distance from it to the 
peg as radius describe the arc of a circle upon the ground in the 
same direction in which the shadow will move, ^tex mid-day, 
when the sun is sinking, watch carefully imtil tiie end of the shadow 
again coincides with a point in the arc described, and put in a 
second peg. Bisect the distance between these pegs and put in 
a third peg. A line ranged through the bottom of the pole and 
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the peg marking the bisection will be in the direction of true north. 
(See I^. 24.) 

Nos. 3 and 4 are sufficiently accurate for ordinary chain surveys, 
but in the case of some important trigonometrical survey an astro- 
nomical observation would be necessary, as follows : — 

6. Take the bearings of the sim at sunrise and sunset, when 
its lower limb (i.e. the lower edge of its circle) is a semidiameter 
above the horizon. Bisect the angle formed and this will be the 
direction of the true meridian. 

6. Observe a star an hour or so before it crosses the meridian 
(the time of this can be ascertained from the ' Nautical Almanac '), 
and note on the theodolite the horizontal and vertical angles. 
When the star is observed again at the same altitude after passing 
the meridian read the horizontal angle. If the horizontal angle 
between the first and second observations of the star be bisected, 
the direction of the true meridian is obtained. 

Nos. 6 and 6 require a knowledge of the use of the theodolite, 
which is explained later in the chapter on Theodolite Surveying. 
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(Fig. 25). — ^Let ABCD be the chain line, the building being as shown. 
It is required to find the distance BC and to continue the chain 
line CD in a straight line with AB. 

Take any point F in AB. Erect perpendiculars FE and BK. 
The lengths of the perpendiculars must be sufficient to clear the 
building and be equal. The lengths of FB and CD should never 
be less than three times that of the perpendiculars FE and CH. 
Now put in poles at E and K and continue the chain line from E 
through K. When the building is passed put in poles at H and J 
and erect perpendiculars similar in all respects to those at F and B. 
Put in poles at C and D. The chain line may now be continued 
from C and will be in a straight line with AB. The distance firom 
B to C is equal to the distance measured from K to H. 

To eontlnue a chain line aeross a pond (Fig. 26).— Let ABCD be 
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the chain line, the pond intervening as shown. Set up poles at B and 
C. Measure back from B towards A a distance BE equal to 60 links. 
Fix one end of the chain at B and the other at E. Now take hold 
of the fiftieth link and pull it out taut to F. EBF is then an 
equilateral triangle. Put in poles at E and F and chain a line from 
E through F to K until the point K is rather more than midway 
between B and C. Now make another equilateral triangle on EK 
— ^namely, HKJ— as before described. Put in poles at K and J and 
chain a line from K through J to L, making KL equal to EK. 
Then EL equals EK or KL. 
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A check upon the work is obtained by sighting B, C, and L in the 
same straight line. 

Or, if an octagonal aroM-staff he vsed, asfoOowa (Fig. 27) : — 
Set off the angle DBC = 45^ and BCD = 90^ 



Then 



BD = >v/BC« + CD« 
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To continue a chain line across a river (Fig. 28).— Let ABCD be 
the chain line, the river intervening as shown. When near to the 
bank of the river erect a perpendicular to the chain line BE, say 
one chain long. Bisect BE at H 
and place a pole in at H. At E b 

erect another perpendicular EK 
and find a point F in EK, by 
moving along the perpendicular, 
which sighted through H will 
be in line with a pole G on the 
opposite bank. 

Then BC = EF 

The width of the river is found 
by adding together the distances 
from B and C respectively to the 
river's edge, and subtracting their 
som from BC. 

Or, when the chain line crosses 
the river In oblique direction (Fig. p^^^ 29. 

29). — ^Let AB be the chain line, 
the river intervening as shown. 

Lay out a line parallel to the river's edge, and measure off on it 
equal distances on either side of the chain line, say 1 chain from 
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C to D and C to E. At D and E erect the perpendiculars DF and 
EH. Put in a pole at K, on the chain line, in line with EH. 

Then EK = DF. 

DF may be measured on the ground. 

In the methods described the optical square should be used 
for setting out the right angles ; if the surveyor has neither optical 
square nor cross-sta£F he must adopt method No. 3, explained under 
the heading — How to set out a line ai right angles to another. 

The results obtained when chain angles are used are not alto- 
gether satisfactory, and there is no question but that it is better 
to use either the box sextant or theodolite for measuring the 
angles, and then to calculate the result by trigonometry. The use 
of these instruments is described in a later clukpter. 

Surveying Hilly Ground.— Two difficulties present themselves 
when chaining lines over hilly ground : — 

1. The poles being obstructed from sight. 

2. The actual measuring of the lines so as to arrive at the 

horizontal. 

Ranging Lines. — ^When the country is very undulating poles will 
have to be set up at very short distances. The line eliould be 
ranged with three poles at a time ; that is to say, when the distant 
pole cannot be seen from a point in the line, the next pole in the line 
must on no account be put in without having three of those pre- 
viously set up in sight. When the line has been properly i^anged 
with poles the latter may be removed and whites substituted. lAiis 
saves carrying a great number of poles. 

There are many obstacles to impede the surveyor in chaining 
his lines such as hedges, woods, bushes, rivers, and buildings. The 
method of overcoming the difficulties presented by rivers, buildings, 
and similar obstructions has been shown, and in the case of hedges, 
bushes, and woods, when the work is important, recourse must be 
had to a bill-hook to clear a gap sufficiently large to make the 
line visible on the opposite side : usually a clear cut is necessary 
from ground to daylight above so that the line is always in sight 
whether the ground falls or rises. 

Ranging through a vaUey.— The poles EC and DF have their 
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positions fixed by sighting through from A and B, and intermediate 
whites may be ranged in, as explained before, at (say) every four 
chains. 
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Ranging over a hill. — When it is impossible, through a hill 
intervening, to see from the first to the last station of a line, the 
intermediate point may be found as follows : — 




Fw. 31. 

Let A and B represent the first and last stations on the line ; 
it being impossible to see from one to the other (Fig. 31). 

Let two men stand on the rise of the ground with poles at 
C and D. Each man is, as near as can be judged, in alignment 
with A and B, but in such a position that the man at C can just 
see the pole at B, and similarly the man at D can just see A. 

Let D sight C in line with A and C sight D in line with B ; by 
manipulation D will in time sight C in line with A at the same 
time as C sights D in line with B. Whites can be ranged in if the 
line is long, as aheady described. 

If the stations A and B are both visible (as in sketch below) 
from some one position in the line on the hill, it is possible to deter- 
mine the exact i>o6ition of the spot by means of the cross-staff. 




Fio. 32. 

Banging a long hill. — When from no point upon the hill can 
the poles A and B both be seen, it is necessary to set out a false 
Une, by^ the use of several poles, from the station A, proceeding 
in the direction of station B as nearly as may be judged. 

Next it is necessary to find out the length of the false Une and 
its final error with regard to B. From this it will be possible to 
calculate how much any point on the line should be moved either 
to the right or the left. 

BxaflvpU. — Let the false Une measure 15 chains and the error 
at tilie end of the Une, B, 15 feet to the left. Then a pole at one 
chain from A must be moved 1 foot to the left, a pole at 2 chains 
from A must be moved 2 feet to the left, a pole at 3 chains 3 feet, 
and so forth. 

The Une Banger. — This instrument consists of two right-angled 
prisms of glass or mirrors E and F placed one vertically above 
the other in a smaU box Uke the optical square, so that their re- 
flecting planes HI and LK are at right angles to one another. 

Fig. 33 (p. 48) shows the instrument in plan. There are sUts at 
P and O, and openings at M and N. 
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To use the instroinent, hold it so that the eye is at P, then on 
looking into the top mirror the pole at B is reflected, and on looking 
into the bottom mirror (if the instrument is in the direct Une AB) 




j I iRtllcaionof PoicB. 
I I I Reflection of Pole A. 
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the pole A is reflected. Therefore,* by holding the instrument in 
front and walking backwards or forwards in the line CD until the 
pole B is reflected above the pole A, so as to make one straight 
line with it, the position of an intermediate point is found. The 
instrument can only be used on level groimd. 

Chaining on Slopes. — The second difficulty to be overcome when 
surveying hilly ground is that of chaining so that all distances may 
be measured horizontally, as the survey must be projected hori- 
zontally on paper. 

To measure along the slope gives a greater length than that 
which should be plotted. It may be obi^rved here that no more 
houses could be built on the slope than on the horizontal length ; 
though if the ground were purchased at so much per foot hypo- 
tenusal measurement, more would be paid for 
it than if measured on the horizontal. A 
glance at Fig. 34 shows this clearly : its 
horizontal measurement is 4 chains and its 
hypotenusal 4*60 chains. A deduction there- 
fore must be made firom the measurement on 
the slope to reduce it to the horizontal dis- 
tance. There are two ways in which we can 
arrive at the required measurement. 
Method I.— By chaining down the hill in the ordinary way and 
reading the angle of slope with some angular instrument such as 
the Abney level or clinometer and making allowance for the dif- 
ference between the sloping and the horizontal measurements, as 
given in the following table of links to be subtracted from each 
ftliii.ifi^ 
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Table for reducing Meaaurements on Slope to Horizontal 
(<^foot chain) 



D«er«6B 


LinkR 


Degnes 


JAnVu 


DfigNM 


JAnVu 


Degrees 


links 


6 


0-4 


14 


3-0 


23 


7-9 


32 


16-2 


6 


0« 


15 


3-4 


24 


8-6 


33 


161 


7 


0-7 


16 


8-9 


26 


9-4 


34 


17 1 


8 


1-0 


17 


4-4 


26 


101 


36 


181 


9 


1-2 


18 


4-9 


27 


10-9 


36 


191 


10 


1-6 


1 ^9 


6-4 


28 


11-7 


37 


201 


11 


1-8 


1 20 


6-0 


29 


12-6 


38 


21-2 


12 


2-2 


21 


6« 


30 


13-4 


39 


22-3 


13 


2-6 


1 22 

I 


7-3 


31 


14*3 


40 


23-4 



The rule for applying the corrections, in the tables to the 
measured distance on slopes is : MuUiply the correction for one 
chain by the number of chains and subtract from the measured 
distance. 

Example, — ^Distance measured on a hill which slopes at an 
angle of T = 12-07 chains, i.e. 12 chains 7 links. The correction 
for T is 0-7 links per chain. 

. • . Horizontal distance = 1207 X 0*7 == 8449 links. 
12-07 chains— 8 links = 11*09 chains. 

When the ground has several different slopes it is necessary to 
measure and roduce each separately. 
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The Abney Level is shown in Fig. 35. This little instrument 
about 6 X 2V'. It has a pin-hole sight at A and the other 
f the tube B is half-closed and has a wire across it. A sight 
is taken by looking through A and across the hair at B. is a 
small bubble-tube. The casing underneath the bubble-tube, and 
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of the tabe at D, is oat away so that the babble may be visible 
from the interior of the tabe by means of a reflector. When the 
babble is in the centre of its ran it is seen to be bisected by the 
wire. On directing the wire at B to the object the milled-edged 
wheel is tamed antil the babble is bisected by it. The angle is 
then read from the arc. The method of reading the vernier scale is 
explained in the chapter on Scales. (Cost about £2.) 

To use it place a pole at the bottom of the incline marked with 
a piece of paper at the height of the eye of the observer. The 
observer then standing at tbe top of the incline sights the mark on 
the pole at the bottom of the incline, and reads the angle from the 
arc on the instroment. It is as wdl to read the angle firom both 
poles, as a check. 
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A roagh and fairly accarate method of obtaining an angle of 
slope when withoat a proper angalar instrament is to ase an ordinary 
protractor as shown in ilg. 36 with a small notch filed in it at A. 

Hang a small weight by means of a fine cotton over the pro- 
tractor at the notch A. Place poles at the top and bottom of the 
incline marked at the same height above the groand, say 6 feet, 
standing at the top of the incline and holding the protractor at the 
mark sight alons the straight edge CB to the mark on the pole 
at the bottom, lulowing the weight to hang freely. As soon as 
the weight is steady, clip the cotton on to the protractor with the 
fingers, and read the namber of the degrees of the angle between the 
cotton and the ninetieth mark on the protractor. 

It will be seen from the table of allowances for slopes that, at 
an angle of 4"", which is a considerable incline, only aboat 
i link per chain is to be dedacted. Majiy sarveyors, conseqaently 
neglect to make allowance in ordinary field surveys for small slopes' 
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NeverthelesB, where great accuracy is required the allowance should 
always be made, and it is important always to make the reductions 
to horizontal measurement on the field. An altered field book causes 
doubt as to its accuracy. 

Fig. 37 shows the Clinometer Rule. This clinometer is made 
like a folding rule, but is shorter and stouter. Each arm carries a 




? 

I Drop Arrow 



Fig. 37. 
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bubble tube (C and D), the top arm being fitted with a sight A and 
cross wires B at the ends. 

By laying a rod on the ground and placing the clinometer rule 
on it, the angle of inclination may be found by raising the top arm 
on its hinge until the bubble is in the centre of its run. The number 
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of degrees is read from the hinge F of the rule. (Cost about 36^.) 
There are several varieties of tMi instrument. 

Method 2. — By stepping with the chain. This consists of 
measuring the slope in half -chain or, preferably, quarter-chain (25 
links) lengths, and holding the chain horizontally. At the end of 
each short length an arrow is put in itnmediately underneath. An 
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anx)w called a drop arrow (Fig. 38) is made for the purpose, with a 
weight of lead attached so that it wiQ fall perpendicularly, but it is an 
unnecessary addition to carry about : a plumb bob or even a ranging 
rod held at the end will serve the purpose. It would be impossible 
to pull the chain out horizontally to its full length as there would 
be a sag in the middle, so that the shorter the lengths used the less 

liability to error from sag. A 
glance at Fig. 39, p. 51, will make 
this method quite clear. 

Survey of a Wood or Pond.— 
When it is not possible to run a 
diagonal, as in the case of woods 
or ponds, it is necessary to chain 
round the figure and to fix the 
relative directions of the lines by 
means of what are known as chain 
angles. 

Fig. 40 shows the lines that 
are required to be run in order to 
make a survey of the wood. Line 1 is tied to line 2 by the tie BO 
and checked by DC so that the direction of CE is fixed. Line 3 is 
tied and checked similarly by EF and HF, and line 4 by HI. 
When plotting the work on paper the length of line 4 as measured 
on the ground should fit in between the stations K and A as scaled. 
Traversing by the chain only in this fashion is not at all to be 
recommended. In order to produce good work the greatest care to 
secure good ties at the junctions of tiie lines is necessary. Such 
ties should be long lines, if only short ones can be obtained the work 
cannot be depended upon. 

Instrumental work has taken the place of such surveys, and 
the subject is dealt with in the chapter on Traverse Surveys. 
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Thx term seale is used to express the proportion which a plan 
bears to the object which it represents, llie Scak of a Map is 
the proportion which the distance between any two points on it 
bears to the distance between the same two points on the groimd. 
We generally express this proportion in words with reference to 
the inch., e.g. 1 inch to the chain, 2 inches to the chain, 1 inch 
to the mile, 6 inches to the mile, &c. 

The scales of foreign maps generally bear the proportion of 
1 to some multiple of 10, and are expressed by the ratio of the 
linear dimensions of the plan to the linear dimensions of the 
ground — e.g. 1 to 1000, 1 to 10,000 — and are shown on the map 
by a representative fraction (written B.F.), e.g. -n^, TTioir* 
lliis means that the distance between any two points on the map 
is hjV^^ ^^ TiriTTo^ o' ^^® same distance on the groimd. We also 
show tiiie scale of our maps by a B.F., by drawing the scale on the 
plan, and by a verbal description. (See Fig. 41, p. 54.) 

The numerator of the B.F. is always 1, and is usually taken 
in the United Kingdom to mean 1 inch. In this case the denomi- 
nator is expresed in inches too. If the B.F. of a map is rui^* ^^^ 
1 inch on the map = 10,560 inches on the ground = 6 inches to 
the mile. 

Example. — 1. To find the B.F. of a scale of 3 chains to the 
inch. 

One inch on the plan »= 3 chains or 2376 inches on the 
groimd. 

.-. B.F. = 



2376 
2. To find the B.F. of a scale which is 25*344 inches to 1 mile. 

J. „ ^ 25-344 ^ 25-344 inches ^ 1 
Imile 63360 inches 2500 

The scales generally required for ordinaiy estate work are 
1« 2, 3, 4, 5, 6 chains to 1 inch with offsets, and the ^-^ and 
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ioi<c (^ inches = 1 mile) ordnance scales. In purchasing 

soinles one should get them 12 inches long, 1} inch broad, and 

about j^ inch thick, made of boxwood and of flat 

§ section. (Fig. 42.) 

The total length of 12 inches is divided into 12 
equal parts or inches, and each inch is subdivided 
into 10, 20, 30, 40, 60, 60 parts, each part re- 
presenting 10 links. Thus in the first case 1 inch 
represents 100 links or 1 chain, in the second, 
200 links or 2 chains, in the third, 300 links or 
3 chains, and so on. 

The same scales can also be used for 10, 20, 30, 

40, 60, 60 feet to 1 inch, which is very convenient 

for plotting level sections where the horizontal 

measurement is (say) 1 chain to the inch and the 

^ vertical 10 feet to the inch. 

^ The offsets, which are always provided with the 

^ scales, consist of short lengths (2 inches long x 1^ 
II inch broad x i inch thick) of exactly similar form 
8 and divided like the scales with which they are 
^ "I to be used. The only difference is that the divisions 
go right to the end, which enables offsets to be 
plotted the more easily at 
right angles to the chain line. ^^^g^H/Mj^^^^^ 
(For use see chapter on ^^SBBU^^^^^^ 
Plotting.) The construction pio. 42. 

of the ^<> and ^^^ scales . .. .^ ^ 

IS the same, but m the former a foot is divided 
into 26 main parts on the feet side, each of 
which represents 100 feet; each main part is 
divided into 10 parts, any one of which represents 
10 feet. 

The links side of the scale is divided so that 
the dimensions may be scaled from the same plan 
in chains and links, each main division representing 
1 chain. It will be noticed that the space repre- 
senting 1 chain is just the same length as that 
representing 66 feet on the feet side, 
t^ In scales with chains on one side and feet on 

the other, when the numbered side represents links 
then the side marked ' feet ' represents fed to the 
|l£% aame scale. If the numbered side represents inches 

^ or feet, or anything except links, then the 'feet 

jt 1 Bide ' represents nothing in partici:dar. Most scales, 

iq t^ are marked ' 1 Chain to Inch ' on one side, and ' Feet ' 

on the other, thus enabling a plan to be scaled off 
in chains or in feet : this can easily be seen, for it will be found 
that 66 feet on the feet side is exactly the same length as 
1 chain on the other. (Fig. 43.) 
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Ordnanee Survey Scales.— The following are the ecales used 
on the Ordnance Plans of Great Britain : — 

iinro7(r<7 ^^ 15*782 miles to 1 inch. 

OT^y or 10 miles to 1 inch. 

f3^^ or 4 miles to 1 inch. 

Yj^YYu ^^ ^ miles to one inch. 

■gj^ or 1 mile to 1 inch. 

YTsim ^^ ^ inches to 1 mile. 

j^^ or 25*344 inches to 1 mile. 

Yj}^ or 60 inches to one mile. 

■^ or 120 inches to 1 mile. [• Town Maps. 

^^ or 126*720 inches to one mile. 

Of these, the most useful to us are : — 

1. One inch to the mile (80 chains = 1 inch) being a general map 
of the whole of Great Britain and Ireland. The New Series map is 
published in four forms, in sheet 18" x 12" : — 

{< — I Chain -H 
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(a) In outline with contours. 
(5) With hills shaded in brown. 

(c) „ „ „ „ black. 

{d) Coloured, water blue, hills brown, roads sienna, contours 
red, woods green. 

(a), (6), and (c) cost 1«. per sheet ; if cut into sections and mounted 
to fold for the pocket la. per sheet extra ; two or more sheets 
mounted together M. per sheet. 

(d) costs Is, per sheet on paper, la. M. each mounted ; cut into 
sections and mounted 1^. extra per sheet ; two or more sheets 
mounted together 9d. extra per sheet. 

This map is too small to show much detail, and is of use chiefly 
as a road map. It shows all roads, indicating their character and 
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whether metalled or not, footpaths, hills, riverB, towns, villages, 
railway stations, county and parish boundaries. 

2. Six inches to the mile (13*3 chains = 1 inch) being a county 
map of the whole of the United Kingdom. A full sheet, 36" x 24'', 
contains an area of 6 miles by 4 miles, i.e. 15,360 acres, 
and costs 28. 6d. The quarter-sheets are each 18" x 12'^ and 
contain an area of 3 miles by 2 miles, i.e. 3,840 acres, and cost 
la. each. 

These maps for Great Britain show much more detail than the 
general map. They are not large enough for accurate work to be 
set out from them, but are very useful for estate purposes. Woods, 
rough pasture, rocks, cliffs, and foreshore are shown in character. 
Houses, parks, mud, and sand are shown by ruling and stippling. 
Latitude and longitude are shown on the margins. Contours are 
shown at 50 feet, 100 feet, and continuously IM) feet intervals up 
to 1000 feet above the sea level. Altitudes are shown, as on the 
25-inch maps, where space permits. 

3. 25*344 inches to the mile (3*156 chains = 1 inch) being a 
parish map of the whole of the cultivated districts of Great Britain. 
A square inch on this map approximately equals one acre. It is 
useful to remember that the diameter of one halfpenny equals one 
inch. 

The size of each sheet is 38'' x 25^'^, and it contains an area 
of 1| miles by 1 mile, or 960 acres. Houses are shown 
ruled or stippled and areas are given. Levels of beneh marks 
along the roads, and surface levek, are shown, but not contours. 
Price 3«. 

This is the best size for general work. It is usually called the 
26-inch map, but is really such that any line drawn on the plan is 

Si^th of its true length on the ground, and is more correctly 
escribed as the j^^^ scale. It equals nearly 3*157 chains to the 
inch. 

4. 126*72 inches to the mile, being a town map of all towns of 
4,000 inhabitants and upwards. Each sheet represents 24 chains 
by 16 chains and contains 38*4 acres. ^Hiis map is sufficiently 
large to show doorsteps, the thickness of walls, the divisions 
between buildings, hydrants, lamp posts, sewer manholes, sratings, 
levels and bench marks. Size about 38^' x 25^''. Cost 
28. M. each. 

Numbering of the Sheets.— In ordering the Ordnance Survey maps 
it is necessary to be acquainted with the system on which they are 
prepared, or one wiU probably not make clear what one wants. The 
following notes on the subject have been taken from the description 
of scales, characteristics, &c., of the Ordnance Survey Maps of the 
United Kingdom by kind permission of the Director-General of 
the Ordnance Surveys, 1914. 

The sheet lines of the 1-inch maps are independent of those of 
the maps on the larger scales. The 1-inch maps have one meridian 
for the whole of eaoi countiy ; for instance, the meridian for the 
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1-inch maps of England is a line passing north and south through 
Delamere Forest, and the whole of the new series 1-inch sheet lines 
for England are drawn parallel and perpendicular to that meridian 
line. The numbers of the 1-inch dieets therefore for England run 
continuously from Northumberland to Cornwall. 

But for the larger scales the maps are prepared by counties, 
starting with the 6-inch maps ; and each county, or group of counties, 
where it was found more convenient to group them, has its own 
meridian. For Hiunpshire, for instance, the meridian is a line 
passing north and south through Dunnose, in the Isle of Wight, and 
all the 6-inch sheet lines for ]£^mpshire are drawn parallel and per- 
pendicular to that meridian line. It follows that the 25-inch and 
10-feet sheet lines for Hampshire must also be parallel and per- 
pendicular to that meridian line. The next consideration is that 
all the large scale plans of the survey are reduced to the smaller 
scales by photography; towns, for instance, are not surveyed 
once for the 10-feet scale and again for the 25-inch and the 6-inch 
scales ; but the original plans prepared for the 10-feet scale are 
reduced by photography to 25-inch plans, and these reduced 25-inch 
plans are again i^uced to 6-inch plans. For convenience in this 
reduction and also for convenience in numbering the plans, it was 
decided that all the plans on the two larger scales should, when 
reduced to the 6-inch scale, fit into the finch sheets. The pro- 
portion of the 25-inch or ^j^ scale to the 6-inch or ^q^aq scale 
being nearly as 4 to 1, each 6-inch sheet, containing an area 6 miles 
by 4, was divided into 16 25-inch plans, each containing an area 
l\ miles by 1 ; and similarly the proportion of the town or -^ scale 
to the 25-inch, or -^-^ scale, being as 5 to 1, each 25-inch plan con- 
taining an area 120 chains by 80 (or 1^ miles by 1) was divided 
into 25 town plans, each containing an area 24 chains by 16, when- 
ever a town happened to come within the area of the 25-inch plan. 
The basis of the numbering on the above system for plans larger 
than the 1-inch is thus the number of the 6-inch sheet for the 
county ; when the 6-inch sheet only is wanted only one nxmiber is 
required ; when a 25-inch sheet is wanted the nxmibers of the 6-inch 
and 25-inch sheets are both required ; and when a town plan is 
wanted the nxmibers of the 6-inch, 25-inch, and town plan are all 
required for ordering the town plan, all these numbers being referred 
to the county in which the place is situated for which the plan is 
required. The above notes will perhaps enable the diagram given on 
p. 58 to be more easily understood, the only point to be added being 
that, as will be seen from the diagram, and as has been stated 
under the head of the 6-inch map, the 6-inch sheets themselves are 
now published in quarter sheets, each containing four 25-inch plans, 
instead of in full sheets, each containing sixteen 25-inch plans, and 
that these quarter sheets are distinguished by the letters n.w., n.b., 
8.W., and S.B., following the number of the 6-inch sheet of the 
county. But the numbers of the 6-inch, 25-inch, and 10-feet plans 
remain as above explained. 
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Fig. 44 8how8 a 6-inch sheet with the 3^^ plans, j^ plans, 
, ^ plans, and quarter sheets in position (24 square miles) : — 
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The 6-inch sheets of each county are numbered from north to 
south generally (but not always) by Roman numerals, e,g. LX. 

In Scotland there are a few cases in which two counties 
have the same series of numbers, and also a few cases in which 
one part of a county has a different set of numbers from the 
other part. 

The outer lines of the above diagram represent one fuU 6-inch 
sheet, the 6-inch quarter sheets are composed of four ^^^ plans, 
and bear the numerate of the full sheet of which they form a 
part, with the addition of the initial letters n.w., k.e., s.w., s.b., 
according to the position they occupy on the full sheet, 
e.g. Quarter-sheet LX. n.e. on the above diagram includes 
plans 3, 4, 7, and 8. 

The T^W plans, of which it will be observed there are 16 in 
the above diagram, are numbered 1 to 16, in arable figures, and 
in speaking or writing of any one of them, it is quot^ thus : — 
e.g., LX. 9. 

There are four y^ plans in a complete ^^ scale plan, as 
shown in the above diagram, see Plan LX. 4 in the k.b. conxer, 
each being identified as the n.w., k.b., s.w., or sjb. comer, as the 
case may be, e.g., LX. 4. n.w. 

There are 25 plans of the 7^ scale in one j^^ scale plan, 
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as shown in the above diagram, see plan LX. 1 in the N.W. comer, 
they are numbered from left to right on the same principle as that 
adopted for numbering -^ir pl&ns* ^^'^ hi speaking or writing of 
any one of them it is quoted thus : — e.g., LX. 1. 9. 

The ordnance maps do not profess to show either the limits 
or the areas of private property : the ordnance surveyors have 
no means of ascertaining them with any authority. Areas are 
computed to the centre of the fence, or other boundaiy of enclosure, 
except in the following cases : — 

1. When the boundary of a parish, or other civil division does 
not follow the centre of the fence along which it runs, the area is 
calculated to the parish or other boundary, and not to the centre 
of the fence. 

2. The fences, &c., bounding either side of a railway are included 
wholly within its area. 

Ghabaotebistios and Symbols (fob Obbat Bbitain). 

Site of antiquities o-4-o 

Bench Mark (B.M.) #K 

Braces, indicating that the spaces so con- .V'"'.--*'' y 

nected are included in the same reference .-•''x'^r .^'^' 
number and area •*'..-•'' 5j<^**^ 

./'"^ 

Arrow showing direction of flow of water ^ i«jj^ 



Change of boundary, indicating the point 
at which a boundary changes from one 
description to another : as from F.W. (face 
of wall) to R.H. (root of hedge). 




Levelling picket 



Trigonometrical station 



© 

A 



An arrow is also used to show connection between referonce 
number and area and small enclosures, wherein the area could not 
for want of space be shown. 
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Where to be obtained. — Ordnance maps may be purchased of 
Edward Stanford, 12, 13, 14, Long Acre, London, W.C. 

To find the Area, from a plan, of a figure bounded by Irregular 
Lines. 

There are various methods : — 

1. By dividing its boundaries into a number of short 
lengttis, each of which shall be as nearly as possible straight : then 
treating the whole figure as being bounded by so many straight 
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lines, dividing it into triangles, and calculating the area of each 
triangle as described in Chapter 1. 

2. By the formation of a polygon whose sides follow the 
boundaries as nearly as possible, working out the area of the 
polygon and of the spaces between its sides and the boundaries, 
and adding or deducting the results as required. 

3. By laying down ' equalising ' or < give and take ' lines, i.e. 
straight lines which straighten the 

L"^^ 3 .^^"^vJ boundary by taking! in as much as 

A i\ they leave out (see Fig. 45). The area 

V 4- so I of the polygon will then be equal to 

the area of the survey. This method 

is sometimes called 'casting,' and is 

frequently adopted. 

4. By means of parallel lines, 1 chain 
apart. (See Fig. 46.) 

Draw a straight line touching the 
top of the figure; next draw lines 
parallel to this line at one chain apart 
according to the scale of the plan : 
then draw cross parallels as diown 
at the bottom of the figure in order 
to deal with those parts which are less than 1 chain wide. Now 
draw give-and-take lines to equcJise the boundaries. Measure 
the lengths between these equalising lines and add them together ; 
and the result is the area in square chains. 
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3-70 chains. 
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If the drawing of these lines is likely to damage 
the plan, then a piece of tracing paper can be pinned 
over the plan and the lines drawn on this. This is 
an accurate and easy method of ascertaining areas of 
difficult shape. 

5. By Simp$(m'8 £«fe.— Divide the line AB up 
into an even number of equal parts, and take oflEsets 
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from each of these divisional points to the curved 
boundary, i.e. an odd number of ordinates. (See F^;. 47.) 
Then^— 

Area =« (first offset + last offset + 2 x sum of all 
other odd offsets + ^ X sum of all the even off- 
sets) X ^ of the common distance D between the 
two adjacent offsets. 

This rule, which is based on the assumption that 
the curved boundaries of the figure consist of short 
parabolic arcs, gives accurate results. 

6. By the ConvpfuHng Scale. — ^This veiy useful 
instrument is genendly divided so as to measure the 
areas of figures to one or two scales only, but a 
Universal Computer has been designed to overcome 
this difficulty. With the latter only one computing 
fmme is required, and as many scales as are wanted, 
such as 1, 2, 3, 4, 5, 6, chains to the inch, 6 inches to 
the mile and 26*344 inches to the mile can be inserted. 
(See Fig. 48.) « 

To use the instrument a sheet of tracing cloth is 
required which is ruled with lines at a distance of one 
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chain apart for scales of 1, 2, 3, 4 chains to the inch. For smaller 

scales the distance between the lines should be ruled to ^inch 

spaces and the computer divided to read to this. 

This piece of transparent paper (generally made of horn paper, 

as tracing cloth is not sufficiently firm) is placed over the plan in 

such a way that the area to be computed lies exactly between 

the parallel lines (see Fig. 49). Fix the paper with weights or 

pins so ihai it does not slip. 

The area is now divided up into strips of 1 chain in width, 

so that by adding together the lengths of each strip we airive 

at the area. 

Place the computer upon the horn paper, so that the scale is 

parallel to the lines on it, and the wire on the slide with its index 

at zero is in the position AB, thus 
equalising the boundaiy as shown. 
Now move the index to the posi- 
tion CD. Move the scale bodily, 
with the reading of the index left 
upon it, and place it so that the 
wire is in the position EF sliding 
it along as before to 6H. Proceed 
thus to the end. If the full length 
of the scale is used before the area 
is covered, make a mark on the sheet 
and note on a piece of paper the area 
already arrived at. Begin with the 
index at zero where you left off and 

proceed as before until the whole area has been covered. 

Computing sheets can be obtained from the instrument makers 

for the several scales required, thus saving the trouble of ruling. 

It is a most useful instrument. 

By (he Planimeter. — ^This instrument, invented by J. Amsler, is 

of a delicate nature and does not as a rule find a place in the estate 

office. 

If it is of the fixed kind it gives the result in inches, if of the 

proportional kind the bar must first be set to suit the nature of the 

computation. The following instructions are given by the makers, 

and are reproduced here by their kind permission. 
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Ho. 1 Planlmeter (brass) and Ho. 2 Planlmeter (german sOver), 
arranged for measuring areas In square Inebes (or other unit 
If specially desired). 

Heedle-point outside the diagram.— Put the instrument on the 
drawing surface, set the tracing point F at a mark on the outline of 
the area, press the needle-point E slightly into the paper outside 
the curve, and read off the roller D and the counting wheel G taking 
the whole circumference of the recording roller as unit of reading 
(the roller need not be set to zero). 
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Readings. — ^The drum of the loUer is divided into 100 parts. 
The tenths of a part are read on the vernier. The complete turns 
of the roller are read on the counting-disc which advances one 
line at every such turn. The counting-disc performs one revolution 
at every 10 turns of the roller. 




Fio. 50 
Range : Girole of 18 inches diameter. 

Each complete reading is a figure of four digits, the units being 
read on the counting-disc, the tenths and hundredths on a drum, 
and the thousandths on the vernier. 

The reading of the roller and disc, shown for example in the 
adjoining figure, is 5*343. 

(The zero of the drum and a mark of the disc should simul- 
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taneously be opposite the fixed index mark. This is never exactly 
the case in consequence of the imperfection of the worm wheel-gear, 
and this should be taken into account in making readings in the 
same way as with a watch, when the minute-hand points to 12, 
whilst the hour-hand fails to indicate the exact hour.) 

Then move the tracing-point F round the area in the direction 
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of the movement of the hands of a watch, till it reaches again the 
starting point. Now take another reading and subtract tiie first 
from &e second reading. The difference multiplied by 10 will 
then be the area of the curve in square inches. 

Example. — ^To measure the area of a square of 4 inches side. 

Result : Second reading 3*073 
First reading — 1-473 

1-600 X 10 = 16 sq. ins. 

If the reading before starting had been 9*521 then the reading 
after circumscribing the same square as before would be 1*121. 
As the travel of the roller is in both cases the same, it is evident that 
the zero mark of the wheel has passed the fixed index-mark and 
that, consequently, the second reading has now to be supplied 
with one more digit on the left before subtracting the first reading. 
Thus- 
Complete second reading 11*121 
First reading — 9*521 

1*600 X 10 = 16 sq. ins. 

Needle-point taudde the diagram.— Circumscribe the diagram 
with the tracing-point in the direction of the movements of the 
hands of a watch, watching at the same time the counter in order 
to see whether the total rotation of the roller is a forward or a back 
motion. 

This preliminary rough operation being completed, proceed as 
before explained, now following the curve carefully with the tracing- 
point. If tihe total rotation of the roller has been a fortoard motion, 
subtract the first from the second reading and add the difference 
to the figure engraved on the top of the smiJl weight used for keeping 
the needle-point in its place. The sxmi multipUed by 10 will Uien 
be the area of the curve in square inches. 

Examjie, — ^To measure a circle of 18 inches in diameter. (You 
will see that the total rotation of the roller is forward.) 

Result : Second reading 9*884 
First reading — 0*868 

9016 
Figure on weighty + 16'431 (This figure is slightly 
"~ different for different 

instruments.) 
25*447 X 10 = 254*47 sq. ins. 

If the total rotation of the roller is a back motion, subtract the 
second from tide first reading and subtract the difference from the 
figure on the weight. 
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E^oample : To measure a square of 11 inches side. (You will 
see that the total rotation of the roller is backward.) 

Result : Complete first reading 13009 
Second reading — 8*678 



4-331 

Figure on weight 16*431 

Difference of readings — 4*331 



12100 X 10 = 121 sq. ins. 

Note. — ^When the mark on the roller is at the mark of the 
vernier a mark of the counting-wheel should be opposite the fixed 
index-mark. Any slight noncoincidence due to imperfection of 
worm-wheel gear may readily be allowed for in taking readings. 

The area corresponding to a total revolution of the roller — 10 
square inches in the above example — ^is engraved on the weight 
along with the figure before mentioned. 

Ho. 8 Planimeter (brass) and Ho. 4 Planlmeter (german silver)* 
arranged for measuring areas in either or several units (English 
and Fireneh) seales. 
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Range : Circle of 24 inohes in Diameter. 

Set the index-mark J on the bevelled edge of the slide to a 
convenient division on the bar. There is a clamp and fine adjust- 
ment to get this position exactly. The number of units of area per 
unit of reading and tiie nature of unit or scale are marked to the 
right of each division. 

The divisions on the bar are the following : 

on back — 

|200ao6' = lmi|J?,^\^f^|5acl:2«K) 



22107 
22 122 



on top — 

20*811 20*818 21042 

on front — 

looDcm |iooa'r = i' llSg'f Ir h^ai° llSSa'J'^r 

(The figures on the top of the bar are slightly different for different 
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inBtnunents. The denotation D' means square foot, Q cm. = 
square centimeter, D in = square inch, ac = acre, mi = mile.) 

If specially desired other divisions instead of these are put upon 
the bar, without extra charge. 

The slide being set on the bar, place the instrument upon the 
drawing and measure the diagram as with No. 1 planimeter. 

Example : To measure a circle of 6 inches in diameter on a i" 
plan. 

Set the index-mark J on the slide to the division 200 D' ^' = 1', 
press the needle-point E outside the circle into the paper, set the 
tracing-point F to any mark of the circle, read off the counter — 
the readmg may be 1*322 — follow the circle with the tracing-point 
until you arrive at the starting point and again read off the counter. 
The reading will then become 2*893. 

Result : Second reading 2*893 
First reading - 1*322 

1*671 X 200 = 314*2 square feet. 

(The multiplier 200 is identical with the figure close to the right of 
the division used.) 

For measuring small diagrams drawn on the i" or ^ 
scale, the slide may conveniently be set to the last division on tne 
bar marked 100 D' i" = 1' 
400 D' i' = r. 

If the needle-point E be placed inside the diagram to be 
measured, then one of the figures on the top of the bar must be used 
in the same way as the figure on the weight of No. 1 planimeter. 

Example. — ^To measure a square of 12 inches side on an ordnance 
map (scale 1 : 2500). 

Set the index-mark on the back of the slide to the division 
10 ao 1 : 2500. 

Suppose that the counter reads 2*482 before starting the tracing- 
point. 

In following the outline of the square you will see that the total 
rotation of the counter is backward and that the zero-mark of the 
counting-wheel passes once the fixed index. 

Result : Complete first reading 12*482 
Second reading — 4*723 

7^ 

Figure on top of bar just over the division 22*107 
Difference of readings — 7*759 

14*348 X 10 = 

143-48 acres. 

(The multiplier 10 is identical with the denotation 10 ac close 
to the right of the division used.) 
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No. 5 Planlmeter (german silver), arranged for measuring very 
large and very small areas. 

1. For measuring large areas set the slide B to the proper division 
on the bar A. For doing this, hold the bar A with the right hand 
and shift the slide with the left whilst the parallelogram hai^ down. 

Then place the instrument upon the dnkwing and proceed exactly 
as with No. 3 planimeter. 

The sUding-point/is of no use now and may be taken off. 

2. For measuring small areas, the smaller sliding-bar a is to be 
adjusted so that the proper mark on the bar comes even with the 
end-face of the tube in which the bar slides (the slide B need not 
be adjusted upon the bar A). Then let the point /travel round 
the diagram by leading the point F with the hand, but following 
the point / with the eye. GHiis can be done with great ease and 
accuracy ike two points / and F describing nearly similar paths. 
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Range of Traoing-point F : Girole of 38 inohes Diameter. 

The area will then be expressed in the unit shown at the mark on 
bar a. 

Small areas can be measured in this way with the same accuracy 
as large areas. 

Ho. 6 Planimeter (german silver) same as No. 4, but with speeial 
arrangement for finding rapidly the mean height of Indicator 
diagriuns. 

No. 6 planimeter can be used for measuring areas in exactly 
the same way as No. 3 planimeter. 

For measurements of areas the large size bar is provided with 
the same divisions as No. 4 planimeter. 

For finding the mean height of an indicator diagram take, by 
shifting the dide on the bar and keeping the planimeter upside 
down, the diagram lengthwise between the steel points on the upper 
side of the instrument. Then place the planimeter without alt^ing 
the relative position of slide and bar in the usual way upon the 
drawing — needle-point outside the diagram — and follow the outline 

F 2 
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of the diagram with the traoing-point. The difference of the 
readinffs at the beginning and at the end of the operation divided by 
0*4 wifl be the mean height of the dia^pram, expressed in inches. 
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Mo. 6 Flanimeter. Luge Size — Range : Circle of 25 ins. in diameter ; Length 
of Diagrams : 2-8 in. SmaU Size— Range : Circle 14 ins. in diameter ; Length 
of Diagrams : 2--6 ins. 



Example.— Second reading 2*361 
First reading - 1-913 



0-4) 0*448 = 1-12 ins. = mean height. 

If the diagrams for up and down stroke are measured jointly, 
divide by 0-8 instead of 0-4. 

Mean pressure = Mean height x Scale of spring of indicator. 
Supposing the scale of the spring in the above example is 1' = 
80 lb. per square inch, then — 

Mean pressure = - ^, . = 89-6 lb. per sq. in. 

The number of pounds per inch of height being usually a 
multiple of 4, the arithmetical work is thus extremely simple. 

If desired, a special screw is supplied with this instrument for 
lifting the tracing-point from the paper so as to allow of an exchange 
of diagrams without disturbing the reading of the roller. (Fig. 55.) 




This auxiliaiy screw is very convenient when a great number 
of diagrams of equal length are to be computed. Dujmig the travel 
of the tracing-point, the point of the screw should not touch the 
paper. For exchanging tibie diagram the screw must be lowered a 
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Bttld 80 as to lift the tracing-point from the paper. The diagram 
can now be removed and another slid at its place. This operation 
does not affect the roller, and the final respding obtained on the 
first diagram may be used as the initial recbding for the measurement 
of the second diagram. In this way the roller is to be read off 
but once for each diagram. 

To obtain the Area of a Survey made with Incoireet Chain.— 
Plot the survey and calculate the area as if the chain were correct. 
Then^ 

(Gozrect chain)' : (chain used)* : : Area of plan calculated : Correct 
area of plan. 

Examjjh. — ^A chain which had stretched 3 links was used to 
make a survey and the area of the plan when plotted worked out 
at 10 acres. What is the correct area ? 

Then— (100)« : (103)« : : 1,000,000 : Correct area. 

10609 X 1000000 
.-.Correct area = jj^i^ 

= 10609 X 100 
= 1060900 square links 
= 10-609 acres 
4 

2-436 
40 



17-440 
. - . Correct area = 10 acres 2 roods 17 perches. 

Areas by different Scales from Plan«— When the scale to 
which the plan has been drawn is not to hand, it is possible to 
arrive at the area by a different scale from that of the plan. 

Example. — Suppose we have a plan whose scale is 3 chains 
to an inch, and we computed the area with a 1 chain to the inch 
scale, making it 10 acres. What is the true area ? 

Now 3 chains to the inch is much smaller than 1 chain to the 
inch, so that the area should be greater. If we treat it as a simple 
proportion sum we shall get the result required. But the point 
to remember is that it is necessary to use the square of the aoaU, 
as we are dealing with areas, and to state it as follows : — 

1' : 3* : : 10 : correct area 

.*. Correct area = — j — 

= 90 acres 
and not l:Z::lO:x, 
Also : 
The area of a certain piece of land is 10 acres. We computed 
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tbe area from the plan with a 3*chain scale and the result was 
22| acres. What is the scale of the plan ? 

22*5 : 10 : : 3* : square of scale required 

10 X 9 
. • . Square of scale required = Si 

= 4 

. * . The scale is 2 chains to 1 inch. 

Scale of Plan. — ^It is necessary to consider to what scale the 
survey is going to be plotted before starting the survey, in order 
to know to what degree of accuracy measurements should be made. 
Now ^th of an inch can be shown distinctly upon paper, so that 
if the scale be 80 feet to an inch, we must read the chainage and 
offsets accurately to the nearest foot ; but if the scale be 400 feet 
to an inch, it would be impossible to show any distance less thsuD. 
5 feet long on the plan, and it would not be necessary to measure 
smaller distances than 5 feet. Supposing the limit of accuracy, 
however, to be f ^th of 1 inch, then in the following scales this 
equals — 

1 chain to 1 inch = 1 link 

2 chains „ „ = 2 Unks 
o o 

" » >> >> ^ " >> 

4 = 4 ' 

^ II II II — ^ 11 , 

o ,, ,, ,, ^^ o ,. 



6 


II 

*eeti 


II 


II 


= 6 




101 


bol inch 


Foot 


20 








=s 


II 


30 








= A 


II 


40 








Zt 


II 


100 








II 


160 








= 1-5 feet 


200 








= 2 


II 


400 








= 4 


it 



1 mile to I inch = 80 links or 52*8 feet 
I mile to 6 inches= 13-33 Unks or 8*8 feet 

j^ = 3-15 links or 20833 feet 
•^ = 0-631 link or 0*417 feet 

The Vernier Scale. — ^This is an auxiliary scale, invented by 
Pierre Vernier (1580-1637), whereby we are enabled to measure 
the sub-divisions of any graduated scale. Two plain scales are 
required, one called the Primary, the other the Secondary or Vernier. 

The number of divisions on the vernier may be either one less 
or one more than the number taken on the primary. Conse- 
quently, if we take a length of (say) 12 equal divisions on Uie primary 
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and divide this into one less or one more divisions for the vernier, 
then each division of the vernier is 4-f or {^ of each division of the 
primary : that is to say, that the dUFerence between one division 
on the primary and one division on the vernier is ^ of the primary 
division. 

Expressed algebraieaUy. 

Let a = the value of one division of the primary, 
and 6= „ „ „ „ „ vernier. 

If the vernier divisions be the larger : 

Thenn = the number of divisions on the vernier, 
andn + l= „ „ „ „ primary. 





(n + l)a = n6 








.'. n(6 — a) = a 








.•.6-a = « 
n 






And if the 


vernier divisions be the smaller 


: 


Thenn = 


the number of divisions 


on the 


vernier. 


and n — 1 = 


(n — l)a = n6 
. • . na — a^nb 
. •. na — nb=ia 

. ' . n(a — 6) =x a 


j> 


primary. 



Thus 6— a or a — 6 = the degree of accuracy to which the scale 
may be read. 

The Vernier of the Theodolite.— Listruments for measuring 
angles have verniers attached to them. Such instruments are 
the box sextant, theodolite, &c. 

Take the case of an ordinary transit theodolite (see p. 176) 
reading to one minute of accuracy. It will be found that in a 
length of 14^ 3(/ on the primary scale there are 29 divisions. 
This length on the vernier is divided into 30 divisions : therefore 

29 29 

each division = qa of a division on the primary, i.e. qqX 30^ = 

29' ; so that there is a difference of 1 minute (30 — 29) between 

a 30^ 
the scales of the primary and the vernier. Or a — 6 = -=oa = 

1 minute, degree of accuracy to which the scale reads. 

The length of the vernier and the minuteness of the graduation 
of the primary scale will determine to what degree of accuracy 
angles may be read. It will be found in some instruments tliat 
the primary scale of the lower limb is divided into degrees and 
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i 

J 



LB. 






.A 



half degrees, and the length of the vernier 
is 29"" 9V. This length is divided into 60 parts : 
therefore the length of each division of the 
vernier is — 



29^ 30' 1770 



60 



60 



= 29i' 



Now, the divisions on the lower limb are 30^, 

and the difference is SV — 29 J' = y = 30*' : 

therefore the vernier reads to 30^. Or a — 6 = 

a SO' 

- = ^ = J' = 30^ degree of accuracy to 

which the instrument reads. 

Again, supposing the lower limb is divided 
into degrees and i degrees, and the length of 
the vernier is 19'' 40', which length is divided 
into 60 parts. Then — 

Each division of the vernier 



19^40' 

60 '' 



y^' - 19*' 
60 ""^"* 



Now, the divisions on the lower Umb = 20^, 
and the difference is 20 — 19f' = ^ or 20^ : 
therefore the vernier reads to 20''. Or a — 6 = 

= - - = i' = 20*', degree of accuracy to 

which the instrument reads. 

To find how a vernier should be graduated.— 
Suppose the lower limb of a theodoUte reads 
to lO', and it is required to read to 10^ how 
should the vernier be divided ? 

In this case a—b must be made 10': 

10' is ^a. 

•••^-^=60 
.-. 60a — 606 = a 
.-. 59a = 606 

Therefore a length of 59 divisions of the 
lower limb should be divided into 60 equal 
parts for the vernier. 

How to read the vernier. — Bead on the 
primary scale the position of the arrow on the 
vernier : now look along the vernier until you 
find a point where a line on the vernier coincides 
with a line on the primary and read on the 
vernier its position. Add the two readings 
together. (See Fig. 66.) Note that the reading 
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on the primaiy scale is that of the division next behind ihe 
vernier iod not in advance. The reading of Fig. 56 is 2^ S'. 

If the vernier arrow had been between 2^"^ and 3"^ on the 
graduated limb, and the line of coincidence had been at (say) 18, 
then the reading would have been 2^ 48^ 

The difference in the method of reading the two kinds of verniers 
is (1) when the vernier divisions are the smaller, the scale and the 
vernier are read in the same direction^ (2) when the vernier divisions 
are the larger, the scale and the vernier are read in oppoeite direc- 
tiona. As a general rule in surveying instruments the vernier 
reads in the same direction as the primary scale, but the figures on 
the vernier will make it clear in which direction it is to be read. 

The 360"^ on the horizontal limb of a theodolite is called the 
zero of ihe limb and the arrow is called the zero of the vernier or 
index. 

To set an angle on the horizontal limb.— Take the case of a 
theodolite with the graduated lower limb divided into degrees and 
half degrees. Set Ae index of the vernier to ihe given number of 
degrees on ihe lower graduated limb : bring ihe vernier division corre- 
sponding to ihe given number ofmimOes to coincide uriih ihe next 
division in advance of it on ihe lower graduated limb by means of ihe 
vernier plate tangent screw. 

Example. — Suppose it is required to set the instrument to an 
angle of 62'' 54'. 

Set the index of the vernier to 62"" 30' on the graduated limb 
and clamp the vernier plate. Now by the slow-motion screw of 
the vernier plate bring the twenty-fourth division of the vernier 
to coincide with the next division in advance of it on the 
graduated limb. 



CHAPTER IV 

TLOmSQ AND PLAN DRAWING 

To Plot a Survey. — Fin a sheet of drawing paper on the drawing 
board and begin by drawing the longest survey line in pencil in 
such a position that the remaining Imes will go conveniently on 
the paper. It is a good thing to draw first in pencil a north point 
at tiie right-hand top comer of the paper, showing the top of the 
paper as north, and then to set off die direction of the first line 
with a protractor from the bearing taken in the field by the 
prismatic compass. (See AB in Fig. 57.) 

Now place the rolling parallel rule against AB 
and roll it gently into ihe centre of tiie paper, 
and the direction of the first line of the survey 
can be drawn along its edge. The survey will 
then be in its relative position with regiuxl to 
the points of the compass. 

It is important when using these parallel 
rules to use only one hand, with the fingers 
placed nearly on the middle of the rule, so as 
to avoid the tendency of one end to move 
faster than the other. Only the wheels should 
Naai'E touch the paper when the rule is moving, and 
the surface of the paper should be good. 

Mark the positions of stations with the scale 

Fio. 57. to which the plan is to be plotted and proceed 

to lay down the remaining lines by means 

of a pair of compasses until the whole are £awn and checked 

by the tie lines. 

A triangle is plotted as follows. (See Fig. 58.) 
Suppose AB is 3 inches, AC 2 inches, and BC 1^ inches. Draw 
the line AB 3 inches in length, then with a pair of compasses describe 
an arc of a circle having A for its centre and 2 inches for its radius, 
and also one having B for its centre and 1} inches for its radius. 
The two arcs will cut one another at C. 

If the lines AC and BC be drawn the whole triangle is plotted. 
If there are no offsets the boundaries may be inked in and the 
plan finished, but if there are, proceed to plot them thus : — 
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Lay the 12-inch scale along the line so that the edge is parallel 
to it at a distance of 1 inch (or half the length of the small offset 
scale) from it. This should be carefully done, the beginning of 
the scale being exactly opposite the beginning of the Ime. Place 
a weight on each end of the scale so as to keep it steady. The 
offset scale may now be used to slide along the 12-inch scale, and 
the exact position of 
each point measured 
may be marked on the 
paper by means of a 
fine pencil. (See Fig. 
59.) When these off set 
points are joined by 
straight lines in pencil 
they may be inked in, 
and the boundary is 
correctly delineated. 

All the survey lines and boundaries having first been drawn 
in in pencil they may be afterwards be inked in, in red for the 
survey or constructional lines, when these have to be shown, 
and in black for the boundaries. 
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Care should be taken to avoid drawing unnecessary lines so as 
to prevent erasure as much as possible ; and when india-rubber is 
used it should only be rubbed one way and not backwards and 
forwards. All lines should be drawn from left to right, and it is 
necessary to avoid pressing the pen against the edge of the set 
square as it produces an uneven line, and a good line must always 
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be the same thickness throughout. For ordinary use an HH 
pencil is best. The degree of hardness is indicated by tiie 
number of H's and of softness by the number of B's. When 
an ordinary drawing is to be made it is sufficient to fasten the 
drawing paper to we board by means of pins only : but if an 
important drawing is to be made, it is necessary to glue the edges 
of the drawing paper to the board, having first damped the whole 
surface of the paper with a sponge. By this means the paper is 
well strained. 

When one arc of a circle has been described and it is required 
to determine a point in it by the intersection of another arc, it is 
only necessary to mark off the point of the latter without drawing 
the arc : this saves drawing unnecessary lines. 

llaterlals. — Good materials should be used. For plans of 
importance use Whatman's best drawing paper. 

The most used sizes are double elephant, demy, and imperial. 
For working drawings cartridge paper is good enough, but for 
&aished drawings use Whatman's best, as they bear wetting and 
stretching without damaging, and take shading and colouring well. 

Always draw on the right side of the paper, i.e. in the case of 
Whatman's, the side from which on holding a sheet to the light, 
the maker's name in watermark can be read ; and in the case of 
cartridge paper, the smooth hard side. 

Tracing Paper. — ^This is useful for making copies of plans for 
temporary use, but it tears easily. 

Tracing cloth is much superior, but is rather expensive, the 
best costing about : — 
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A good cloth for general use, however, is supplied by Messrs. 
Thornton, Paragon Works, Manchester, as follows : — 

Rolls of 20 yards— width 30 inches, at 128. M. ; width 40 inches, 
at 168. per roll. 

Indian Ink should be used on tracing cloth as on all drawings. 
When colouring tracing cloth put the colour on the side opposite 
to that on which the ink lines are drawn. The colour will go on 
better when the tracing cloth has been either well rubbed with india- 
rubber or well dried by the fire. 

Rubbing the surface over with french chalk will make the cloth 
take ink lines better : or a litUe ox-gall may be put in the ink or 
colour, but this practice is not recommended. 

Cciour8. — Plans of land are usually coloured all over, the 
character of each part being shown by some conventional sign. 
A good draughtsman needs few colours, and it should be remembered 
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that a surveyor's plan should never be coloured, but tinted. The 
following wUl be found to be quite sufficient : Crimson lake, 
Prussian blue, burnt sienna, yellow ochre, Payne's gray, sap green, 
and light red. 

In order to obtain an even surface on large areas it is best to 
damp the paper before applying the colour. Bed sable brushes 
are better than camel's hair. For putting on washes on large 
surfaces a large brush is required and the colour must be prepared 
thin and of sufficient quantity to start with. Commence at the 
top part of the drawing and gradually spread it downwards as 
evenly as possible. If deep colour is required, put it on in layers, 
and not dark all at once. Do not go over the work with a second 
coat until the first is quite dry. 

Drawing Compasses and Dividers (Fig. 60). — ^The best compasses 
have a sector joint instead of the kmg joini : tins lessens the amount 
of friction and stiffness when the instrument is nearly closed, and 




Feo. 60. 

the compasses consequently move with equal pressure whether 
nearly closed or wide open. 

Spring Bows. — ^These are required for describing small circles. 

Drawing Pen (Fig. 61). — ^The drawing pen consists of two blades 
of brass or electrum ending in steel nibs fixed to an ivory handle. 
In order to facilitate cleaning one blade is hinged to the other, so 
that it can be opened and cleaned. The ink should be inserted 
between the nibs with a piece of paper, and the pen held nearly 
vertical against the rule so that both nibs touch the paper. 

T Squares (Fig. 62). — ^I'hese should be an inch shorter than the 
length of the drawing-board on which they are to be used. 

Set Squares. — ^These are best made of transparent material. 
They are of sizes fiom 4 inches to 16 inches, triangular in form 
with one angle a right angle, and the others iS"" and 45"", 60"" and 30"", 
or67i°and22i^ 

Beam Compasses. — These are used for striking arcs of long radii. 
Very often when plotting large surveys at I chfdn and 2 chains to 
the inch, the lines are too long to admit of an ordinary pair of 
compasses being used to describe the arc. These compasses have 
a beam from 2 feet to 4 feet long. Two sockets are fitted to the 
beam, one is fixed and the other which carries a pencil point can be 
made to slide up and down and clamped to any lengtii. 

Proportional Compasses. — ^These are used for reducing or 
enlarging the area of a plan in a given proportion as explained later. 
They consist of two similar brass or electrum limbs, making a double 
pair of compasses with steel points A, B, C, D clamped by turning 
the milled-head screw. (See Fig. 63.) 
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When dosed the limbs appear as one, and in this position the in- 
strument is to be adjusted by moving the slide up or down the groove. 

If the index line on the slide is set to the figure 2 on the right- 
hand side and clamped by the screw E, then any distance marked 
off by A and B will be half the distance measured by C and D, and 
so on for the other figures. 

The circumferences also of circles may be divided into any 
number of equal parts up to 20, in the same way. 
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On the other face of the compasses, divisions for plans and 
solids are marked. 

For plans. — ^If the index on the slide be set to 3, then the 
area of the square made by the longer points C and D will be three 
times the square made by the points A and B ; and so on for the 
other figures. 

For solids. — Set the index on the slide to any number on the 
scale of solids ; then the distance between the points G and D will 
give the side of a solid of so many times the content as the number 
indicates ; and the distance between the points A and B will give 
the reduced side of the solid. 
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The ProiraeUfr. — ^The protractor most commonly used is semi- 
circular and made of brass or electnun. It has the advantage over 
the rectangular form, in that in a semicircular protractor any angle 
is protracted at the full length of the radius of the protractor from 
the centre, which is not the case with the rectangular protractor. 
To set off an angle with this protractor, its position will be on the 

right side of the north line when the 
bearing is less than 180'', and on 
the left when the bearing is greater 
thanlSO^ 

To plot a Triangle.— Suppose in 
the triangle ABC (F\g. 64) the side 
AC measures 6 chains, the side BC 
measures 4*50 chains, and the angle 
at B is M"". Plot to a scale of 
3 chains to one inch. Draw BC 
1^ inches long, take the protractor 
and lay down the direction of the 
line BD (length unknown) 54° from C. 
Now from centre C with radius 2 
inches describe an arc cutting BD 
in A. Join AG. Then ABC is the 
triangle required. (See Eig. 64.) 

A large circular protractor with 
vernier and arm may be used for 
more important work. This will enable us to measure and plot 
angles to I minute. Fig. 65 shows a one-arm circular electrum 
protractor, 6 inches in diameter and costing in case about £3. The 
length of the circumference of a circle equals 2irr, and varies as the 
length of the radius or the length of tiie protractor. It depends 
therefore on the length of the circumference to what degree of 
minuteness the circle may be 
graduated. The centre of the 
protractor in Fig. 65 is made 
of glass, usually, with fine 
lines across it. It is therefore 
easy to place the centre upon 
the mark. One side of the 
arm, which is provided with 
a vernier, forms a radial line 
from the centre. The straight 
edge has a point fixed at the 
end of it which when pressed 
will make a fine hole in the drawing, thus marking the exact 
position of the angle according to the reading of the vernier. 
After removing the protractor this point may be joined by a line 
to the central mark. 

The method of using this protractor in plotting surveys made 
with angular instruments will be shown in a later chapter. 
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Level Secflons. — When plotting level sections, the datum line 
shoold be parallel to the lower edge of the drawing paper. Only a 
T square and set square are required for this part of the work. The 
datum line is set off with the T square, and the vertical heights above 
this with the set square, which is used on the T square in a similar 
way to that described in connection with the plotting of offsets. 

The horizontal distances are now scaled off along the datum 
and the vertical heights along the perpendiculars. If Siese perpen- 
diculars become inconveniently long, the datum may be assumed 
to be so many feet above the datum of the levels. This distance is 
noted along the base line and written say — 50 feet above datum. 
(See chapter on Levelling.) 

Show Scale on Plan. — In the case of important work it is advis- 
able to draw the scale of the survey on the plan, because paper will 
expand or contract slightly in spite of the trouble that may be 
expended in getting it seasoned. 

Surveyors' Institution Examination.— In making a survey such 
as the candidates for the Professional Associateship of the Surveyors* 
Institution are required to do, the area of the plan should be shown, 
besides the level sections, north point, and title. In this case 
where so much has to be shown on one sheet, the draughtsman may 
make use of any vacant spaces that may occur on the sheet, for the 
north point, area, and title. The plan fihould be in the centre of the 
paper, and the level sections underneath. The author prefers where 
possible, to show the north point as already described, so that the top 
of the paper represents north and the bottom south, and so forth. 

Conventional Signs. — Grass land is coloured green. 

Water is coloured prussian blue. 

Cultivated land is coloured burnt sienna. 

Footpaths, roads, streets, land and gravel are coloured yellow 
ochre. 

Buildings (brick or stone) are coloured crimson lake. 

Buildings (wood) are coloured sepia. 

Buildings (temporary) are coloured Payne's grey or indian ink. 

Some draughtsmen verge each portion of the plan with a narrow 
band of its respective colour but of a rather darker shade. If well 
done this is very effective. 

Hedges and Ditehes as in Fig. 66. Or draw a thin Une for 
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each edge of the ditch, and sketch in elevation the hedge on which- 
ever side of the ditch it occurs. (Fig. 67.) 

The height of the bushes shown should never be more than 
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I inch and ahould be disconnected. The ditch may be shaded in 
pale blue and the bushes in dark green. 

Fences. — All fences are usually shown on plan by a single line 
but if it is required to ^laj^ingiiigli between the various kinds, this 
may be done as shown in the two following examples : — 

Po^ and Rail . . i_J i i i 1..-.1 1 



Close Paling 

Other conventional signs 
Parish Boundary 

Couniy Boundary 

OaU . 

WaUa . 

Footpath 
Cart track 

Road . 
Railway 



Trees 

In elevation i'. Their 
shadow falls to the rij^t. 

CuUing 



WMMSr 

Bridge 



ir>vMMiM,UimniyAimim 



■^•f- 



^ ' M O* 



or- 




Or strong blue line. 
Orchards Woods 




iwiwwiwpir 



SHU C 



Road 



rowy# 



Manhole 
Wherever there is any doubt, names should be written. 
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Flnisliliig up a Plan. — Any elaborate ornamentation is not to be 
recommended. 

PrifUing. — ^Plain upright block printing (see Fig. 68) carefully 
done and with the letters well spaced is the best to use for titles 
and the names on different plots ; roman or sloping block for names 
of roads, and itaUcs for names of adjoining owners and details. 
(Fig. 69.) Printing is the most difficult part of plan-drawing to 
acquire, and constant practice is required. 
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PLAN OF FIELDS 

PLAN OF FIELDS 
PLAN OF FIELDS 

Fio, 69. 



Border Line. — ^There should be a thick border line about an inch 
from the edge of the sheet. There are many different kinds but 
Figs. 70 and 71 show two good kinds. 
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North Point.— If any decoration is thought necessary it should 
consist principally of straight lines. 

Methods of BnlarglDg, Reducing and Copying Plans 

Enlarging and Redueing Plans.— 1. Be-plot the plan to the scale 
required. 

2. By ' squares ' and proportional compasses. 

3. By the Pantograph. 

4. By the Eidograph. 

Of these No. 1 is undoubtedly the best where there is time. 
No. 2 is very satisfactory, however, and is much adopted in estate 
offices, where the pantograph and eidograph seldom find a place 
but it is not a safe method for enlarging when great accuracy is 
required. 
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By Squares and Pr<qK)rtionaI CompAssas.— Take a piece of 
tracing paper or cloth and rule it with inch or half-inch squareB, 
and place it on the plan to be enlarged or reduced, fastening it 
securely with drawing pins. Now Uke 
a sheet of drawing paper, and on it with 
a very soft lead pencil rule the same 
number of squares to the required scale, 
larger or smaller as the case may be. 

The copy is then made by transferring 
the part included in each square separately. 
This is done by means of the proportional 
compasses, which will enable us to fix each 
point by measuring its horizontal and vertical 
distance from the comer of a square. The 
proportional compasses are set to the propor- 
tion desired, and the rectangular co-ordmates are measured on tiie 
larger squares by the AB end of the compasses, and transferred to 
the smaJler squares by the CD end of the compasses. (Fig. 72.) 
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Fig. 73. 



Example.— AB, BC, CD, DE; and EC in Fig. 73 represent the 
fences of two fields : it is required to reduce tluis plan to the scale 
of one-half. It should be remembered that when a plan is reduced 
to hidf the scale, the area is reduced to one-fourth. Similarly, 
if the scale is one-third of the original, the area will be one-ninth. 
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On a piece of tracing paper draw squares as shown in Fig. 73, 
say, with sides of i inch, and place this piece of tracing paper 
over the plan ABODE as shown. 

Next draw upon a sheet of drawing paper a similar set of 
squares, but with each side only half the length of the former, i.e. 
i inch as shown in Fig. 74. Now, if. we dntw the sides AB, BC, 
CD, D£, and EG (Fig. 73) in the corresponding squares in Fig. 74, 
we shall, obviously, have a copy of the plan ab, &c, cd, de, a^ ee 
on half of the scale. 

Each point where a fence crosses a square is fixed on the original, 
as already explained, with the proportional compasses, and trans- 
ferred to a similar position on the copy. For instance, the point B 
which is at the intersection of horizontal 1 and yertical 4^ in 
Fig. 73 must occupy the same position in Fig. 74. 

By the Pantograph. — The 
ordinaiy pantograph will only 
reduce or enlarge in the few pro- 

S^rtions marked upon it, but the 
dograph will do so in any pro- 
portion. Neitiber of these is used 
▼ery much now ; their place has 
been taken by Goradi's precision 
pantographs. The pantograph is 
used for copying full size, ^ucin^ 
or enlarging drawings. The originiJ 
is traced by a point call^ a 
tracer, and a pencil point draws 
the copy in the desired scale 
according to the setting of the in- Fio. 74. 

strument. The old pantographs 

rested by means of universal casters on the surface of the table. 
They were awkward to use, and difficidt to guide, and their 
exactitude depended on the condition of the surbice of the table, 
which had to be diiq>roportionately large. Precision pantographs 
should furnish a perfect reproduction of the original in the 
desired proportion, and the error should never exceed i\ mm. 
in any direction, so that the process cannot be carried out as 
accmately by any other means. 

Copying Plans. — ^This may be done by several methods. 

1. By re-plotting the plan. 

2. By transferring the plan by means of transfer paper. 

3. By pricking it off. 

To do this place the plan over a clean sheet of draw- 
ing paper, fasten with pins to a drawing board, and then 
prick through the essential points. By joining these 
points on tiie clean sheet of drawing paper we obtain 
an exact copy of the plan, if the original is composed 
mainly of straight lines. This method is very quick, but 
should only be used when damage to the original plan 
does not matter. 
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4. By maldiig a tracing of the plan on tracing cloth. 

6. By the tracing frame, or copying glass. 

Cover the plan to be copied with drawing paper and 
place it on the pane of glass. The lines of Sie plan can 
be seen distinctly through the sheet and so traced. A 
window pane may be used in a similar manner. 

6. By the feiro-prussiate process. 

In this process the lines appear white on a dark blue 
ground. First trace the plan on good, transparent, clear 
tracing cloth of a bluisn tint, in dense black lines of 
indian ink. Place the tracing against the glass of the 
printing frame and the prepared sheet at the back of the 
tracing. Now expose the frame to hght until the prepared 
sheet attains a deep bluish tint. Then remove Uie sheet 
from the frame and thoroughly wash in clear water in a 
zinc tray till the lines appear white. 

7. By photography. 

The 6-inch ordnance sheets are reduced from the 
25-inch ordnance sheets by this method. 

8. By the pantograph. 

A plan can, of course, also be copied by the ' square ' method. 

The makers give the foUowing instructions and descriptions 
of their pantographs, which are reproduced here by their kind 
permission. 

I. GxNXBAL DasoBiFnoN OF THX Paktografh 

(a) Pole ai the end 

All Coradi pantographs are constructed on the same system, as 
is shown diagrammatically in Fig. 75. 

Four horizontal bars 1, 2, 3, 4 are connected so as to form by 
means of the vertical axes a, 5, c, d a movable parallelogram. The 

axis d forms at the 
same time the pole P, 
which rests in a frame, 
and about which the 
whole instrument turns. 
Z is the sleeve carrying 
the pencil point and F 
the sleeve carrying the 
tracing point. By means 
of metallic wires the 
Fia. 76. instrument is suspended 

at h and A' to a frame. 
At r' the^ instrument rests on the table. The distance of the 
axis a from h and the axis c from d is invariable and exactly equal 
to the invariable distance of the axis c from the tracer F : a& = 
oi — cF. The distance cF determines the size of the pantograph, 
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which is made in four different lengths, viz. : 600 mm., 720 mm., 

840 mm., and 960 mm., the zero for cF being at c, for ab eA, b and 

for db at d, i.e. at P. The distances (iCf db, and bZ can be varied, 

but ac must always =: bd = bZ. In this hypothesis ca: cF:: 

PZ : PF. If represents the linear magnitudes of the original, 

H those of the reduction, then R : O = PZ : PP = ca : cP = 6Z : 6a. 

As the length cF is known, it is only necessary, in order to find 

R 
for a desired ratio ^ the position x of the axes a and b, and of the 

R 

pencil point Z, to multiply this length L by ^« 

«==-Q- . . . . (1) 

For example if it be required to reduce a drawing so that the 

R 2 
reduction is to the original as 2 : 3; ^ =: k and if the pantograph 

840.2 
have a length of 840 mm., then x = — g^— = 560mm., the distance 

ca = dS) = bZy to which the axes a and 6, and the pencil point Z 

have to be set. If the drawing is to be enlarged, the original and 

reduction change places, i.e. the drawing to be enlarged is placed 

under Z and the paper on which the enlargement is to be made 

under F ; the tracer is placed in the sleeve Z and the pencil point 

in the sleeve F ; in the above-mentioned equation R in this case 

represents the original and O the reduction. 

Example. — ^If it be required to reduce a map from the scale 

R 1000 2 
1 : 1000 to the scale 1 : 1600, the ratio q = jg^^ = g, i.e. a; = 660 

mm. as above ; or if it be required to enlai^e a map from the scale 

1 : 1440 to the scale 1 : 960, the reduction R is then treated as the 

960 2 
original and the ratio is therefore rjjTv = ^, the setting x again 

660 mm.; and so on. The system shown in Fig. 76 has proved the 
best for a steady suspension and adapts itself easily to t^e uneven- 
ness of the surface of the table. Moreover, as &e distances ab, 
cdj and cF are invariable and accurately fixed, once for all, at 600, 
720, 840, and 960 mm., and only three variable distances have to 
be^set, great exactitude is obtained. 

''The table on p. 88 gives the greatest dimensions of a rectangle 
which can be traced with the point F of a pantograph, without 
shifting the pole, for the four sizes which are nuule and for different 
ratios. The lesser figure gives the dimensions in the direction PF, 
the greater figure the dimensions in the direction vertical thereto. 

(b) PciU in the Centre 

R.L 
From the same table, as also from the setting formula x =» q » 

it is seen that the dimension of the greatest rectangle which can 
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be taraoed diminishes in the direction PF acoording as the ratio 
set approaches 1 : 1, and that if the latter ratio is required, i.e. a 
copy of the same size as the original, the pencil point and tracer 
would fall at the same point F, i.e. the reproduction of a drawing 
in the same size would he impossible. In order, however, to be able 



Ratio Mt 
according to 
ftmnnlja) 


unran (ef) ov PAinoaBAFH. 


«0 om. 


71 om. 


Man. 


96 am. 


DIsMDsloiii ol tho grefttert notuglo whidi oui be tnoed 


AtoA 


76 om. X 75 om. 


90 om. X 90 om. 


106om.xl06om. 


120om.x 120 om. 


Atoj 


70 om. X 70 om. 


86om. X 86 om. 


100om.x 100 cm. 


116om.xll6om. 


ito| 


66 om. X 66 om. 


80om. X 80 om. 


96om.x 96 om. 


108om.x 108 om. 




60om. X 60om. 


60 om. X 72 om. 


70om.x 86 om. 


80om.xl00om. 




40om. x60om. 


48 om. X 72 om. 


66om.x 86 om. 


66om.x 100 om. 




36 om. X 60om. 


42 om. X 72 om. 


60om.x 86 om. 


66om.x 100 om. 




22 om. X 60 om. 


27 om. X 72om. 


30om.x 86 om. 


36om.xl00om. 




18 om. X 60 om. 


22om. X 72 om. 


26om.x 86 om. 


80om.x 100 om. 



to set the instrument at 1 : 1 and to obtain the largest dimensions 
for the ratios near 1 : 1 for surfaces to be traced in one position of 
the pole, arrangements have been made in other types of panto- 
grapns for the pencil point Z and the pole P also to be exchangeable, 
i.e. to change places, so that the pole, the turning point of the whole 
instrument at Z, lies between the tracer F and the pencil point Z 

—seethe diagrammatic 
illustration in Fig. 76 
in which the letters 
and figures have the 
same signification as 
in Fig. 76. Most of 
the weight of the pan- 
tograph is supported 
by a diagonal tube, 
kept horizontal at A' by 
a metallic wire fixed 
to the frame vertically 
over the pole P which rests in the frame ; a second wire, the length 
of which can be varied according to the setting chosen, is suspended 
at h' to the bar 2 ; at r and r' the instrument rests on the table. 
Consequently there are two points, besides the pole P, which rests 
on the table, and as the surface of the latter is rarely sufficiently 
level and horizontal, the whole instrument must be set up quite 
horizontally in order to avoid strain. For this purpose screws and 
if the scale is one-third of the original, the area wiU be one-ninth. 
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box levels are attached to the frame, in order to make the axis P 
quite vertical, and micrometer screws are fitted at the points of 
suspension to enable the bars and the supporting tube to be placed 
horizontally; r and r' are also adjustable in height by screws, 
in order to allow for the unevenness of the surface of the table. 
For the purpose of setting to various ratios PZ : PF, the two axes 
a and h and the pole P are adjusted and etc must always = M = 
6P ; PZ : PF is then always as oc : aF = M : aF = P6 : Pa. As 
the zero for the division of the bars 1, 2, 3 is at c, d and h re- 
spectively, as in Fig. 75, therefore the formula for the setting x of 
the three variables distances ca, db, and hV is 



in which g represents the linear proportion of the original and 

reduction. 

For example, if it again be required to reduce a map from the 

1000 2 
scale 1 : 1000 to the scale 1 : 1600, the ratio isygog = o and if the 

840 2 
pantograph again have a length L 840 mm. the setting x = .^ \. 

\z -r ^) 

= 336 ; or if it be required to enlarge a map from the scale 1 : 1440 

to the scale 1 : 960, as the tracer, when enlarging, does not change 

1440 3 
places with the pencil point the ratio -^^ = ^ is to be taken as 

3 . 840 
the ratio for setting. Therefore /o ' i q \ = 6^ as tt© setting for 

a, ft, and P. 

If the plan which is to be enlarged or reduced is shrunk, so 
that its indications no longer stand in the original relation to the 
true values, the pantograph can be set, by a simple calculation, 
so that the reduction made with same stands in the proper relation 
to the full values. 

1. Example. — ^A plan originally made on the scale 1 : 1000 
has shrunk 1 per cent. ; 100 mm. of the plan are therefore equal 
to a length of 101 m. in the full size ; the scale of the plan is there- 
fore no longer 1 : 1000 but 1 : 1010. If it be required to reproduce 
this plan in the scale 1 : 1600, i.e. to reduce it, the ratio R : is 

therefore ^^^ ; in accordance with formula (1) for the pole at the 

end (Fig. 76) the setting a, when L is 840 mm., is « = ^1^^^ = 

566*6 mm. and in accordance with formula (2) with pole in the 

840 101 
centre (Fig. 76) x = qqi ^ 260) ^ ^^*^ °^™* 
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2. Example. — ^A plan originally drawn in the scale 1 : 1440 
has shrank 1 per cent. ; 100 mm. of the plan are therefore equal 
to 145'44 m. in the full size. The scale of the plan, in consequence 
of the shrinka g e, is 1 : 1454. If it is required to reproduce this 
plan in the scale 1 : 960, i.e. enlarge it, the setting x in accordance 

with formula (1) with pole at the end is : x = ^^ =554'6 

and in accordance with formula (2) with pole in the centre (Fig. 76) 

1454 840 
the aettiiig is x = (1454^-960) = «)6-96 mm. 

The following table gives the greatest dimensions of a rectangle 
which can be traced wiUi the tracer F of a pantograph of 960, 840, 
720, or 600 mm. length, without shifting the pole, when the pole 
lies between the tracer F and the pencil point Z. 



Bfttiostt 

sooording 

totlw 




lukhs (eW) ov nn FAmooiure 


fonnola 






600 mm. 


7S0mm. 


840 mm. 


960 mm. 


1:1 


36 om. X 65 om. 


42 om. X 68 om. 


60om. X 80 om. 


60cm.x 90 om. 


2:3 


40 om. X 66 cm. 


60 cm. X 76 cm. 


60om.x90cm. 


72om.x 100 om. 


3:2 


20 om. X 36 cm. 


26 om. X 46 om. 


36om.x 66 om. 


46om.x 66 om. 



n. Obnbbal Bulbs fob using thb Pantooraph 

The table on which the instrument is to be used should be as 
even as possible, approximately horizontal, and preferably rect- 
angular in shape : the size varies with the size of the pantograph 
us^. The width may be from 0*9 m. to 1*20 m. The length 
should be about twice the length of bar of the pantograph. Slate 
or marble table-tops covered with thick smooth linoleum have been 
found very suitable. 

The pantographs of the types I and 11 are, when put in their 
cases, set to the ratio i (or |) so that they must always be set to 
the same ratio before being returned to tiieir cases. The sleeves 
F and Z, as also P are placed in the middle of the case, the joint C 
to the right. When taking the instrument out of the case and 
carrying it to and from same, hold it with the right hand near the 
joint C at the two bars 1 and 4, the left hand being placed against 
the joint B at the bars 2 and 3, to avoid bending the bars or straining 
the joints ; for the same reason the instrument should be supported 
by a book or the like at the points of suspension h and h' when laid 
on the table, before being suspended. The setting of the pantograph 
to a determined ratio is effected only after it is suspended and 
adjusted horizontally, as the sleeves of the bars 1 and 3 can only 
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be properly adjusted with the whole instrument in a horizontal 
jXMsition. The bars must be carefully protected from bending 
and always clean, so that the sleeves can be moved easily on same. 
The points Z and F and their sleeves must always be kept clean 
and free from oil or dust, so that the points faU freely into the 
sleeves. When it is necessary to clean the latter a strip of soft 
cotton-doth about 4-5 cm. long, twisted at the comer, should be 
drawn through the sleeve ; the points should be rubbed occasionally 
with a soft, dry rag. 

m. Dbsobiptign of thb Pantoorafh 

1. Pantograph type I 
For reducing, enlarging, and copying full size. 

(a) Setting triih pok in the centre (Figs. 76 and 77) 

The bars 1, 2, 3 and 4 are hard-drawn brass tubes of rectangular 
crosB-section. Their joints move between pointed screws, so that 
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very eacfy working is obtained and any play can be at once removed 
by their adjustment. On the bars 1 and 3 sleeves are fitted which 
can be moved easily along their whole length ; to these sleeves the 
pointed screws for the joints A and B are attached : by adjusting 
these screws the distance CA and PB can be varied. On the bar 
2 is a similar sleeve ceurying the guide for the pole pin and enabling 
its distance from the joint B to be varied; a diorter sleeve in 
each case carries the necessary micrometer screw for the fine adjust- 
ment. All the sleeves can be fixed to the bars from underneath 
by the means of set screws ; the screw of the short sleeve is first 
tightened and, after the instrument is set the screw of the longer 
sleeve. 

The bars 1, 2, and 3 are divided on one side of their upper surface 
in milUmetreB, with divisions on the other side for the most usual 



92 SURVEYING 

ratioB. The latter are marked Vn* ^ ^ ^^^ f to | to f. The 
figures for the arrangement with pole at the end (Fig. 75) are on 
the left, those for the arrangement with pole in the centre (Fig. 76) 
on the right of the respective division. Each sleeve carries a 
vernier for -f^ mm. and an index for setting to the ratio division. 
The zero of the divisions and of the verniers is so arranged that 
the latter indicate accurately the distances of the adjustable axis 
A from C, and B from P or the turning point (pole) of the instrument 
from the joint B ; with tiie verniers the distances calculated by 

the f ormulflB x = — g — and x = 7 p 1 q\ can be immediately set. 

The instrument is principally supported by the frame K, in 
the foot of which at P (Fig. 80) the pivot bearing of the instrument, 
a hollow half sphere recessed in a steel cylinder, is fixed. Vertically 
over the pivot P is the axis piece k\ k", on a crane-like arm, around 
which the suspending wires turn. This axis piece is taken out 
when forwarding the instrument and is provided with a hole, 
through which an ordinary pin or point is passed for screwiujg 
same on firmly. The straight line W should be vertical, which is 
effected by means of the two set screws S, S and the box level ; 
whether the latter is correctly placed, i.e. whether the axis Vk 
is shown to be truly vertical by the box level, can be easily verified 
by the supporting tube 1. The fork end of this tube is supported 
at P, where the ball bearing screws into the steel cylinder, the 
other end is attached to the suspending bolt at h' by means of 
the longest wire and at k" to the frame, so that the supporting 
tube can be turned in a horizontal plane almost 360^. The small 
level accompanying the instrument is now placed in the two positions 
parallel to the straight line adjoining the set screws S, S and rect- 
angular thereto on the supporting tube, as near as possible the frame, 
on the same side of the tube. By means of these set screws S, S and 
the eyelet screw h' the level can be brought into all three positions 
for determining if the axis of rotation Vk is quite vertical ; the 
box level shoidd now indicate this ; if not, it must be adjusted 
without shifting the frame, by means of the correcting screws 
(two draw-screws and two pressure-screws). 

If the pantograph is to be used as shown in Fig. 76, i.e. with 
pole in the cen^, the frame K is placed on the table so that its 
foot P is in the centre of the table and the straight line joining 
the set screws S, S forms with the longitudinal e^ge of the table 
an angle of about 45"^ and the box levels balance. The instrument 
is now placed on the table, the {>ole-ball in the sleeve Z on bar 2 
is placed in the bearing of the firame and the bolt drawn over it. 
The supporting tube is pushed through under the caster of bar 4, 
its fork end pli^ed against the pole cylmder, the other end suspended 
by means of the longest wire at h" and at the top eyelet of the 
frame at k" and the tube adjusted horizontally, as stated above 
by means of the eyelet screw h". 
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The sleeve on bar 2 carrying the pole pin must now first be 
set to the ratio at which it is required to work. The wire, provided 
with one suspension hook only, is attached to the eyelet V" on 
bar 2, the clamping piece, with ball recess adjustable on this wire, 
is placed over the small ball at the top end of the pole axis k and 
the length of wire adjusted so that bar 2 is approximately horizontal. 
By means of the screw eyelet V" on bar 2, the bar is then placed 
exactly horizontal, then by means of the screw on the caster r, 
bar 4 is placed horizontal, and likewise bar 1 by means of the screw 
on the caster r'. By reason of the unavcndable deflection of the 
bars it is advisable alwajrs to plaee the level in the middle of same. 
It will then be seen if the axis Pib of the frame is vertical. If the 
pantograph is correctly suspended and horizontal it will, when 
guided by the handle 6, move 
easily in all directions. 

According to the ratio set, a 
smaller or greater part of the 
weight of the instrument rests on 
the caster r' of bar 1. So as to 
obtain for all settings a uniformly 
easy motion for the exact guiding 
of the tracer, a regulating device is 
attached to the caster. A part of 
the weight rests on the support 
j> (Fig. 79), the other part on the 
caster r\ If the caster r' alone 
carried the weight, the motion of 
the instrument would be too light ; 
if the weight rested on p alone 
the motion would be too heavy. 
If the spiral spring is strengthened 
by screwing up the nut m, the 
caster r' supports a greater weight 
and the motion is easier ; if 
the nut m is unscrewed the spiral 
spring is slackened and the motion becomes heavier, as 'p 
then carries a greater load ; in this way the desired heavier or 
lighter motion can be easily obtained. 

In Fig. 78 the necessary points for the pantograph are 
illustrated — ^viz., tracer point F, pencil point B, pricking point P, 
and the ink point B. (The latter is only supplied to order.) AU 
the shafts of the points are exactly cylindrical, of uniform dia- 
meter and fit properly in the three sleeves F, Z, and P. Faber leads 
of 1*0 mm. diameter fit tiiie pencil holders. The point of the lead 
should be as central as possible, so that, if the pencil resting on the 
paper is turned in its sleeve Z, a dot only is made on the paper 
and not a circle. The pin % can be put in at the top with one or 
more loading discs, to obtain finer or thicker lines. The pin i, 
with loading weights, can also be placed on the pileker P. The 
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latter cairieB a sorewed protecting sleeve, which can be adjusted 
so that the point does not project more than it will enter the paper ; 
when the pricker is^ot in use this sleeve is screwed out to cover the 
point, and protect it from injury. The traeer F is screwed at the 
top to take the nut with spring sleeve shown in Fig. 79. This 
serves to keep the tracer o£E the paper when the reduction is only 
to be pricked, in which case the tracer can be quickly moved from 
one angle of the original drawing to the other. By pressing with 
the index finger on me tracer the point of the latter can be pressed 
down at the precise place to obtain a very accurate setting. When 
tracing the lines of Uie original, if the drawing is to be reproduced 
in pencil or ink, it is, however, better to screw up the spring sleeve 
so that the tracer rests on die prop c, placed so that the tracer point 
travels just clear of the paper. 

When using the ink point, the lines can be made in ink at once : 

the pen is so ground that it 
enables uniform fine lines to 
be made in all directions (also 
transversely to the split 
opening of the pen) : the 
indian ink must, however, 
be very thin and liie stem of 
the pen kept very clean, so 
that it falls freely in the sleeve 
without requiring to be loaded. 
The handle G (see Fig. 79) 
embracing the tracer sleeve, 
serves both for guiding the 
instrument and ^raising and 
lowering the pencil (pricker 
Fio. 79. or pen). It can be moved ver- 

tically ; if the handle is drawn 
down the' pencil also sinks^on the paper; when using the pricker 
the handle is pulled down quickly which imparts a free falling 
movement to the pricker. A spiral spring keeps the handle raised, 
so that, when at rest, the pencil is also raised. The arrangement and 
action of the releasing cord is to be seen from Fig. 79 ; the releasing 
lever turning around a horizontal axis engages its front horizontal 
arm in the groove of the handle G, the back arm is drawn down 
by a spiral spring, which on the one side is attached to the tracer 
bar and on the other side to a part adjustable on the arm. If the 
latter is pushed towards the pivot of the lever, the action of the 
spring becomes weaker. This position is used when working with 
the pencil or ink point. In order to strengthen the action of this 
spring, to enable it to draw the pricking point out of ttte paper, the 
point of suspension is removed from the turning axis (pivot) of the 
releasing lever. As when using the pencil the hand gets overtired^ 
through constantly pulling down the handle during the tracing, tl^e 
vertical pin t is fitted to the handle G. By turning the handle, when 
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in its lowest position, this pin can be brought under the yoke of the 
bar 1, so that the handle remains down, i.e. the pencil remains on 
the paper. The releasing cord is carried from the reel 1 round the 
fixing screw at the back arm of the releasing lever between the two 
discs at the clamping screw 2, round the nut 3, over the pulleys 4 
and 5, in the direction of the arrow. Thence it is carried over the 
pulley 1 (Fig. 77) at hinge A, then over the pulley 1' at hinge B. 
CSare is to be taken that the cord is carried over these two pulleys in 
the same direction /^"\, otherwise the cord will become lengthened 
or shortened by tiie movement of the instrument during work. 
From the hinge B the cord is carried to the pulley on the pencil 
sleeve (P, Fig. 77) and fastened to the clamping arm under the 
sleeve of the pencil point. By winding or unwinding the reel 1 
the cord is given such a length that, when the handle O is raised, the 
pencil point is also raised as much as possible, and, when the handle 
O is lowered, the pencil point rests on the paper and the cord is 
slack. This length of cord is maintained by tightening the clamping 
screw 2 on the tracer bar yoke. The instrument is now ready for 
use. 

(b) Setting urith Pole at the end (¥ifp. 15 Slid SO) 

If the pantograph is to be used for ratios under}, it is advisable to 
set it up with the pole at the end. (See Fig. 76.) For this purpose 
the frame is placed at the end of the table and the axis Pi' is made 
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vertical by means of the screws S, S and the box level. The pole-ball 
pin is taken out of the sleeve Z on bar 2, placed in the sleeve at the 
hinge P, secured with the nut, placed in the bearing at the foot P, 
and the bolt drawn over it. The longest wire is attached to the 
supporting tube and to the top eyelet of the frame at kf : the shortest 
wire is attached at A to the bar 3 and to the frame at V, the bars 
3 and 4 are adjusted horizontally by means of the eyelet screws h 
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and h' on the supporting tube and bar 1 by means of the screw on 
the caster r*, whereby bar 2 is also brought into a horizontal position. 
For pantographs of more than 60 cm. length of bar the frame must 
be loaded with additional weights, in order to obtain an absolutely 
steady position of the axis P^ on the table. With instruments of 
72 cm. length one such weight is suppUed, with those of 84 cm. and 
96 cm. length two, which are pushed from the back over the curved 
stand K and placed one on top of the other. After these weights 
are applied, the vertical position of Vk, and the horizontal position 
of the bars 3 and 4 must again be examined and, if necessary, 
adjusted. The pencil point is now placed in the sleeve Z on bar 2 
and connected with the releasing mechanism by fastening the 
clamping lever of the releasing cord to the bottom of the pencil 
holder and leading the cord over the pulley on the pencil point sleeve, 
over the pulley 1 at hinge A, and thence to the releasing lever in the 
same way as described under (a). 

For enlarging with this setting of the instrument (Fig. 75) the 
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tracer is placed in the sleeve Z on bar 2 and the original drawing 
also placed there. The pencil point is placed in the sleeve F on 
bar 1, underneath which the clamping arm of the releasing cord is 
fastened to the pencil point. From here the cord is now led over 
the pulley 5 on the tracer bar (Fig. 79) over the pulley at hinge A 
and thence, as when reducing, back again over the pulley 5 to the 
releasing lever. In the case of big enlargements it is advisable 
only to set the angles of the rectilinear figures as exactly as possible, 
to reproduce them on the enlargement and then join them up with 
lines. In the case of curved figures, points are also marked at 
suitable distances and joined up by freehand on the enlargement. 
When using the pantograph for this purpose, i.e. for enlarging by 
pricking, it is advisable to leave the tracer in the sleeve F and use 
it as a pricking point by removing its prop and screwing down the 
nut with the spring sleeve till the tracer point is 3-4 mm. clear of the 
paper : the prop c (Fig. 79) is now brought to the pricking point in 
the sleeve Z which is used as the tracer, after removing the protecting 
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sleeve. The moving of the instniment is also effected with the 
handle G. 

(c) Frame mth Suspended Foci. 

When making large reductions f to ^, the foot P of the frame, 
or the whole of the latter rests entirely on the paper on which the 
reduction is drawn, so that it is somewhat difficult to get the parallel 
sides of the original and of the reduction to 
coincide. The new frame has therefore been 
made with a suspended foot. This foot stands 
about 5 mm. above the surface of the table 
and reaches 40 cm. over the table, from the 
edge, so that the drawing paper can be easily 
pushed under the foot, until the pencil point 
stands at the same angles of the reduction to 
which the tracer is set on the original. 

The above illustration (Fig. 81) shows the 
appUcation of this new frame and its connection 
to the pantograph. The head, with the four 
set screws S (Fig. 82), is put in the case 
separately. For connecting same with the 
frame the ends of the four screws are placed 
in the grooves in the top of the frame, the 
connecting pin, fixed thereto by a cord, is 
pushed through, and the screw S slightly 
tightened. In order to make the axis o o (corresponding to P 2; in 
F^. 80) vertical, a box level wiUi connecting rod accomp€mies the 
instrument, the appUcation of which can be seen distinctly from 
Fig. 82 ; the box level is set by means of the four screws S and the 
correct position of the same is examined and corrected in the same 
way as indicated under (a) for the axis Vk. When using this new 
frame for the setting with pole in the centre, the areas which can be 
traced are smaller than in the case of the ordinary frame. This 
new frame is only supplied to special order. 
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CHAPTER V 



THl SUBDIVISION OF ASMAA 



BxFOBX engaging in the work of measuring distances in the field, 
for the purpose of subdividing areas, setting out allotments or 
buflding plots, a survey of the land should be made, or a tracing 
of the area to be divided taken from the Ordnance Map. On this 
plan or tracing the subdivision should first be carefully set out, 
and the actual measurements in the field made from it. 

When measuring along a straight line to stake out new fences, 
the measurement should always be a continuous one, as it will be 
found that a mistake can easily be made if each piece or frontage 
be measured separately. As has been carefully pointed out in 
Cihapter n these measurements must be horizontal. 
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It will serve as a check if the line measured closes on a station 
in the survey. Fig. 83 shows a tracing of the plots set out in the 
office for use in the fidd. 

AB is 12 chains long from station A on the survey to station B. 
The lengths of each added together are, of course, equal to 12 chains, 
and the areas of each plot added together are equal to the area of 
the whole rectan^e ABCD. U uie rectangular plot of land 
ABCD be for sale in plots, and it be requ^ed to measure off 
plot No. 1 which has been sold, the remainder should afterwards 
be measured, and the two areas should together equal the whole 
area ABCD. 

The stakes used for marking out allotments or plots of land 
should be, say, 2} inches square and 16 inches long. These 
should be put in nearlhfr level with the ground. Lf nails be 
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driven into the stakes at the top, so that they project perpendicu- 
larly say half an inch, and a cord be stretched from nail to nail, 
the ground, if pasture, may be nicked out along this line to indicate 
the exact position of the new fence. 

When dividing lands for purposes of sale or otherwise, it is 
always advisable, when the division is to be made between arable 
and pasture, to see that the ditch is in the arable field. 

Building plots should be measured in feet and inches, and the 
frontage and depth figured on the plan. 

The measurement of land under crops and woods should not 
include hedges or ditches, when it is made for the purpose of payment 
of labour. 

When an agent has the management of a home farm, he should 
make a plan eSiowing the exact positions of all permanent objects 
such as trees, gate-posts, &c. By this means he will be enabled 
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to ascertain quickly the areas under the different crops by measuring 
along the fences from such fixed points. The cropping may then 
be shown on the plan after computation in the office by aid of the 
scale. 

The Ordnance Map -^jfi^ may be used for making this plan by 
taking a tracing of it on good tracing cloth. 

To lay off a plot of bnd of a given size, from a reetangolar 
field. — ^If we divide the area required to be set off by the length 
it gives us the breadth, and vice versa. 

Example.— Let ABCD (Fig. 84) be the given field : it is required 
to lay off a plot of land equal to 3 acres. The side AD is 6 chains. 
Divide the area (3 acres) by this side and we get the length of the 
sides to be measured off along AB and DC. 

6 chains = 600 links. 
and 3 acres = 300,000 square links. 

. - . 300,000 -^ 600 = 500 links, as the length required. 

A line joining the points E and F will give the required area, 
viz. 3 acres. 

h8 
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To lay off a plot of land of a given die, from an Irregular fleid. 
— (a) When one fence is crooked and the other two are straight and 
parallel. 

Let ABGD (Fig. 86) be the given field : it is required to lay 
off 3 acree. 

Join AB, and work out the area included between AB and the 
crooked fence. 
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Suppose AB measures 6 chains and the area of the offsetted 
piece = 25,800 square links. 

Area required =s 300,000 square linkst 
Area of o£EBetted piece = 25,800 „ 

Difference = 274,200 „ 

Now divide this difference by 600 (length of AB in links) and 

^0 
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we get the length of the sides to be measured off along BC and AD, 
i.e. 274200 -^ 600 = 457 links, as the length required to be measured 
from the points A and B. 

A line joining the points E and F will give the required area 
—namely, 3 acres. 

(b) When all ihe sides of the fOd art crooked.— Lb^ ABCD 
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(Fig. 86) be the given field : it is required to lay off 3 acres by a 
straight fence running from B towanls AD. 

I^aw the lines AB, BE, and EA. Find out the area of the 
triangle ABE and the offisetted pieces between AE and the crooked 
fence and AB and the crooked fence. 

The triangle AEB = 162,250 square links 
Offsetted pieces = 53,970 „ 

216,220 = area cut off by EB 

Now, 3 acres = 300,000 square links 

Area aheady set off = 216,220 „ „ 

Difference ^ 83,780 to be added 

EB measures 590 links. Then 83780 •^ 590 = 142 links. Multiply 
142 by 2 and we get the perpendicular of the triangle to be added 
— ^namely, 284. Now on EB at any point erect the perpendicular 

E It- 30 
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FO 284 links : set off GK perpendicular to FO untQ it meets the 
fence at K. Join BK. Then the line BK sets off an area equal to 
3 acres. 

To lay off any given quantity of land trom a field bounded by 
straight fences, by a line parallel to one of the straight fenees. — 
Let ABCD be the given field. Fig. 87, it is required to lay off 3 acres 
by a straight fence running parallel to AB which measures 11*30 
chains. 

3 acres = 300,000 square links 
300000 -^ 1130 = 266^ links (approz.) 

Then 265} links is the length of the perpendiculars EF, GH 
to be set up on AB at either end. Set off these perpendiculars 
and measure the line EIL which equals 12*50 chams. 

The figure ABLK is a trapezoid and its area equals — 

(1130 + 12 5 0) X 265i ^_^.^ ., , 

-^^ ! — ^ ^ as 315,945 square links 
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The area set out is conflequently too much by 15,945 square 
links (315945 - 300000). 

Then 15945 -f 1260 = 13 links (approz.)> ^^ perpendicular 
distance to be measured at either end of KL between ^ and A, 
because KL outs off an area larger than the required quantity. 

Draw the line MN through the extremities of these perpendiculars 
and MN cuts off the required quantity — namely, 3 aares. 

To lay out a given quantity of land in the form of a rectangle, so 
that the length has a given proportion to the breadth.— A rectangular 
plot of land 3 acres in extent, the sides of which are in the proportion 
of 1 and 6, is required to be divided into 20 equal plots and frontages 
to the long side. What is the frontage of each ? 

If we multiply the two terms of the proportion together, and 
divide the product into the given area, then the square root of the 
quotient, muHSiplied separatdy by the terms of the proportion, will 
give the required length and breadth of the sides. 

Example. 

6x1 = 6 )300,000 given area in square links/ 
50.000 

The square root of 60,000 = 223*6 

. ' . the breadth ^ 223*6 X 1 links 
and the length = 223*6 X 6 links 
. * . the long side == 1341*6 links 

Therefore the frontage of each plot is 1341*6 ->- 20 = 67 Unks, 
or say 44 feet (approx.). 

To divide a rectanglar pieee of hind among a given number of 
purehasers, by fences parallel to one of its sides.— Let ABCD be 
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the rectangular piece of ground (Fig. 88) which is 12 chains long 
and 6*60 chains wide. It is required to divide it amongst four 

Surchasers who paid for their shares as follows : Jones, £100 ; 
mith, £150 ; Robinson £200 ; Brown, £70. 
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Total amount paid « £100 + 160 + 200 + 70 == £520. 

Then 520 : 100 : : 1200 : Width of Jones' property = 230*77 links 
520 : 150 : : 1200 : „ „ Smith's „ = 34615 „ 
520 : 200 : : 1200 : ,, ,, Robinson's ,, := 461-54 ,, 
„ Brown's „ = 161-54 „ 



520: 70::1200 
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Measure off the widths thus found along AD and BG and join 
the points. The field will then be divided as required. 

To out off a given quantity of land from a triangle, by a Une parallel 
to one of its sides.— Let ABC be the riven triangle (Fig. 89). 
AB =: 1200 links, AG = 800 links, and BC = 600 links. It is 
required to out off 2 acres by the line DE parallel to AB. 

The area of the triangle is found from the three sides as explained 
in Chapter I. 
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Area of ABC == 213,307 square Unks. 
The area to be cut off — 200,000 „ „ 

. ' . the difference = 13,307 „ „ = the area of the 

triangle DCE. 
Now ihe areas of irianglea are tu the squares of their like sides. 
Therefore the area of the triangle ABC : the area of the triangle 
DCE : : AC« : DC*. 

. • . 213,307 : 13,307 : : 800* : 39,926 (approz.) 

The square root of 39,926 = 200 (approz.). 

800 - 200 := 600 links » AD. 

Again by similar triangles — 

AC:BC::AD:BE 
.-. 800:600::600:450 
.-. BE»450 

Now measure off along AC from A the distance AD = 600 links 
and along BG from B the distance BE :== 450 links. 

Join DE and ADEB is cut off, equal to two acres, from the 
triangular field as required. 

In this way a triangle may be divided into any number of parts 
by lines parallel to any one of its sides. 
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To divide a triangular field In eertaln given proportions so that 
each person may have the use of a well situated at one of its comers. 
— ^Let ABC be the given field (Fig. 90) : it is required to divide it 
among four persons. Let the given proportion be as the numbers 
2, 3, 4, 5, and the well be at C. Let AB = 2800 links. 

Then as 2 + 3+4 + 5^ I^:2::2800:AD= 400 

14:3:: 2800 :DE=: 600 
14:4::2800:EF= 800 
14 : 5 : : 2800 : FB = 1000 



2800 




B A' 




Therefore 400, 600, 800, and 1000 are the proportions of the line AB 
which belong to each person. Draw lines from D, E, F to C, and 
the field is divided as required. 

To divide a triangular field into any number of parti, by fenees 
from a point In one of Its sides.— Let ABC be the given field (Fig. 01 ) 
and D the given point on AB. Let it be required to divide it 
into three equal parts. TrisectAB in the points E and F. JoinDG. 
Draw EG and FH parallel to DC meeting AC and BC in G and H. 

Join DO and vK, and these lines will divide the field as 
required. 
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Levelling is the art of determining and representing the in- 
equalities in the surface of any portion of the earth. Whereas 
surveying may be described as the horizmUal measurement of the 
ground, levelling may be taken as the vertical measurement. 
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The subject of levelling does not cover much ground in a practical 
way, and can only be learnt in the field, but nevertheless there is 
a considerable amount of book-work to be grasped. 

The method employed by surveyors is that of obtaining a 
level line (i.e. a line parallel to the surface of still water), and 
measuring from this the distances vertically downwards to the 
various positions of which the level is 
■|M>i| required. 

w^SP Sm ^^ ^^ purpose the Dumpy Level 

HMIb "^ (Fig. 92) is required. It consists of A the 

IQuSmJI longitudinal or principal bubble tube, to 

which is attached a telescope D, whose 
central axis is parallel to the run of the 
bubble. 

B, B are the capstan adjusting screws to 
the bubble tube ; and C the small transverse 
bubble tube and its adjusting screws ; E the 
eyepiece ; F, F the screws for adjusting 
the diaphragm ; G the support for compass 
and telescope; H the compass; I, I the 
parallel plates; K, K the milled-headed 
parallel plate screws ; L the sun shade ; M 
the conical axis terminating in a universal 
ball-and-socket joint ; N the tripod on 
which the instrument is set up. 

By looking through the telescope to a 
staff, usually graduated in feet and 
hundredths of a foot, the distance down- 
wards from the level jdane to the spot 
upon which the staff is held may be read. 
Fig. 93 represents one of the best 
patterns of levelling staves, the Sopwith 
pattern ; 14 feet in length ; cost about 4c6s. 
Fig. 94 is a sectional drawing of 
Messrs. Thornton's latest pattern of Dumpy 
Level, showing the different parts. This 
pattern has three screws for levelling the 
instrument, but another arrangement is 
made in which four screws are used as 
shown in Fig. 92. The former is called 
the Tribrach Construction, and the latter 
the ParaUd Plate SyMem. The tribrach construction gives greater 
rigidity. 

With the parallel plate system there is a tendency for the 
screws to jam, and if they are worked when tight they very 
soon destroy the surface of the plates and thread. 

The diaphragm contains the cross-lines or other means of 
showing on the staff what figures are to be read. Fig. 95 (p. 108) 
gives t^e various types of du^phragm fittings. 
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Another pattern of level caUed the Y level is shown in Fig. 96. 

This is the oldest form of surveyor's level and is so called b^use 
its telescope is supported in Y-shaped bearings. Two collars 
C, C are soldered round the telescope exacdy fitting the Y's. 
These collars are so made that the tdeecope may be turned end 
for end in the Y's without changing the direction of its axis in 
reversing it. llie standards are &ed firmly upon the limb by 
capstan screws B, B. Two pins fix the telescope securely in 
the Y's. The telescope is free to revolve on its axis, so that 
perfect adjustment may be made in any direction. The bubble 
tube L is fixed under the telescope by a joint at one end and 
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a pair of capstan screws N at the other to raise or depress it 
for adjustment. K is a clamping screw which tightens the collar 
round the conical axis so that the telescope can be fixed in any 
required direction ; while T is a tcmgent or slow-motion screw 
enabling; exact adjustment of the telescope to be made upon the 
sta£F when the instrument is clamped by K. P, P are two 
of the three foot-screws for levelling the inslrument, showing tri- 
brach system. X, X are the capstan screws for adjusting the 
diaphragm. 

Advantages of the Dumpy Level over the Y Level.— The Dumpy 
Level was invented by William Gravatt. Its name is derived 
from its dumpy appearance, due to the short focal length of the 
telescope. 

The correct measurement of a level of any dimensions is the 
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length from the inside of the object glass to the stop, i.e. the solar 
focus of the O.G. A 12-inch dumpy should read 0*01 foot on a 
Sopwith staff at 5 chains with a webbed or glass diaphragm, and 
a 14-inch dumpy should read 0*01 foot at 10 chains. 

The addition of a transverse bubble is a great help, as it enables 
the instrument to be set up approximately level without turning 
the telescope several times in two directions at right angles to 
each other, thereby saving much time. 
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Its advantages may be summed up as follows : — 

1. The telescope is of shorter focal length. 

2. The object glass is larger, thereby admitting sufScient light 

to aJlow of a much greater magnifying power in the 
eyepiece. 

3. More compact, convenient, and rig^d. 

4. Easy to adjust, and rarely requiring re-adjustment when 

once put in adjustment. 

Fig. 97 is a sectional drawing of Messrs. Thornton's Improved 
pattern Y level 
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There are several variations of the af ore^lesoribed leveb and 
of these Cushing's Reversible Level is a very useful pattern. It is 
like the Dumpy in construction, except that its telescope is of 
improved form possessing the necessary adjustment of the Y level. 
The ends of the tube form stout socket collars which are exactly 
alike, and are ground to fit either the objective or the eye piece 
end of the telescope so that these parts may be reversed, the one 
for the other. The end also rotates in its fitting. By this means 
adjustments may be made as for the Y level. 

Curvature and Retraction.— In taking long sights with the level 
two natural phenomena must be taken into consideration. The 
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fact that the earth is an oblate spheroid makes it necessary for 
us to make an allowance for what is cidled cfwnxOfwtt ; and the 
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variation of the density of the atmosphere requires an allowance 
to be made for what is termed rtffudAon. 

Practical levelling is the determination of horizontal lines which 
are not level lines. A really level line is one which at all points 
is equidistant from the centre of the earth. A level is the surface 
of still water. 

A sight as taken with a level to a sta£f is an ipppairenJt or optical 
level, and is a tangent to the earth extended in space. (See Fig. 98.) 
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It will be seen from this diagram that a horizontal line (the 
apparent level) cannot be a level line, beoauae the point at which 
it is a tangent to the earth's surface must be nearer to the centre 
of the earth than any other point in it. 

Now we want to find out for practice what is the difference 
between the apjKxrenl Uvd and the trwe levd. (See Fig. 99.) Let 
AAA represent the earth's circumference, CD a horizontal line, 
the line of sight of the telescope, which is parallel to the earth's 
tangent at A. 

Now A and F and C and E are on the same level, but obviously 
D and E are not. 

D appears to be the level of the point E, as seen through the 
telescope at C. CD is the apparent or opticsJ level and CE is the 
true level. The difference between the apparent and true is there- 
fore ED. From which it will be seen that curvcUtare causes an 
apparefU depression, and its correction must therefore be deducted. 
It is necessary to determine what this correction is. The square 
of the length of any measured distance in miles divided by the 
earth's mean diameter (i.e. the average between the Polar diameter 
and the diameter taken at the Equator) will give the amount of 
depression to be allowed. 

It 
Example. — ^The correction for one mile is ^grot 7^13 being 

approximately the mean diameter of the earth in miles. 

li 2 

s^jgDiile = 0-667 feet = S-OO* inches = (say) a feet. 

Therefore 8 inches may be taken as the correction per mile, but it 
varies as the square of the distance. It will be seen on looking at 
Fig. 99 that the longer the sight the greater the iJlowance to be 
made in proportion. For 1 mile it is ED, for 2 miles EH, for 
3 miles ML. 

. ' . The correction for 1 mile = 8 inches X 1 

2 miles = 8 „ x 2» 

3 miles = 8 „ X 3« 
or 

The correction for 1 mile in feet = } x 1 =: f foot. 

2 mUes „ == | x 2« = 2J f eet. 

3 miles „ = J x 3« = 6 „ 

Retraction is ' the term generally applied to a change of direction 
impressed upon rays of light traversing a medium, the density of 
which is not uniform, e.g. the atmosphere.' 

Terrestrial refraetion is that refraction which makes terrestrial 
objects appear to be raised higher than they are in reality, due to 
the air being denser near the surface than at a higher elevation. 
Its refractive power increases as its density, and the correction 
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consequently varieB, but is generally taken as ane-«ef>eni& of the 
correction for curvature. 

We have seen that curvature causes an apparent depression, 
and refraction an apparent elevation, therefore the correction for 
the latter must be deducted from that of the former. 

It is more convenient, however, to make the total correction 
for both at the same time. 

To ascertain the total eorrectlon for curvature and refraetion. — 
(Distance in miles) ' x 0*577 = correction in feet and decimals 
of a foot. 

Example. — 1. A sight taken with a level to a staff 80 chains off 
gave a reading of 10*64. 

.-.1 X 0*577 = 0*677 

10*64 — 0*577 = 10063, correct reading on staff 

2. Supposing, without making any correction, the height above 
base were 150*61, what should be the correct height above base? 

H.A.B. = 150*61 
The correction = 0*577 

. • . Correct H.A.B. = 151187 

3. Find the difference in level between A and B. The distance 
is 80 chains. The level is set up at A and the staff held at B. 
A sight to the staff gives a reading of 12*62. What is the difference 
in level between A and B ? 

Beading of staff 12*62 

Height of Instrument . . =4*75 
Correction for Curvature and 
Refraction . . . . = 0*577 



6*327 6*32 



Difference of Level = 7*30 

Simple Levelling consists of finding the difference in level of 
two spots. To do this set up the instrument on the tripod, half- 
way between the two positions of which the difference in level is 
required, by extending the legs of the tripod until the bubble is 
nearly in the centre of its run in the tube. (Fig. 103, p. 114.) The 
legs fibould be firmly pressed upon the ground, and when this has 
been done the instrument should be perfectly stable and free from 
shake of every kind. It is assumed that the level is in adjustment : 
its adjustments are explained at the end of this chapter. Now 
place the telescope over a pair of screws (K, K in Fig. 92) as shown 
in Fig. 100 if it has parallel plates, or as in Fig. 101 if on the tribrach 
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system (Fig. 96). Place the thumb and first finger of each hand 
on the screws and turn them at the same time with thumbs going 
both inwards or both outwards (the bubble will follow the direction 
of the left thumb) and bring the bubble into the centre of its run. 
Next place the telescope over the other pair of screws, or other 
screw, as the case may be, and again level the bubble. Do this 
in two opposite positions again, so that this time the eyepiece is 
in the position occupied last time by the object-glass and vice versa. 
The bubble should now remain in the centre of its run during a 
complete revolution on its^axis, if in adjustment. 





Fio. 100. Fio. 101. 

The instrument being level direct the telescope on to the staff 
held at A, and with the web in the diaphragm properly focussed 
on to the staff take the reading, say 1*32. 

To read the staff. — The large figures on the left of the staff 
(see Fig. 93) represent feet, and do not register until they are cut 
quite at the top. It will be observed that most level telescopes 
invert, and the staff will appear to be upside down ; this does not 
cause any inconvenience after a few readings have been taken. 
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The figures on the right-hand side indicate tenths and do not roister 
imtil they are intersected exactly at their top. The divisions 
between the tenths represent hundredths and do not register until 
the intersection is exactly at their top or base. (See Fig. 102.) 

The reading 1*32 referred to above is shown in Fig. 93. It will 
be noticed that in order to save confusion the even tenths are not 
marked on the staff. The intersection exactly at the base of the 
odd numbers gives the reading of the even numbers. See 0*60 
and 1*80 in Fig. 93 and 0*40 in Fig. 102. 

Having taken the reading on the staff in the first position at A 
(Fig. 103), next place the staff in the second position at B, and take 
the reading which is (say) 1*90. (See Fig. 93.) 
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The difference, then, in level is 1*90 — 1 32 = 0*58. The point 
A is therefore 0*58 feet higher than the point B. The higher the 
reading on the staff the greater the fall, as will be seen from 
Pig. 103. 

Compound Levelling. — So far we have only considered the 
method by which the difference in level of any two points may be 
found. In practice we usually require the levels of several points 
in a continuous line and obtain them by what is called compound 
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levelling. The principle is, however, exactly the same as already 
described. 

Let AL in Fig. 104 represent a section through a portion of 
the surface of the ground. It is required to take sufficient levels 
to enable us accurately to plot the section. 

Set up the instrument between A and B as shown, and take a 
reading to the staff held on A and also to the staff held on B. 
Supposing it is impossible to see with the instrument in its present 
position as^far as the next point C, we must set it up again in such 
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a position that B and C can be seen. Let us set it up as shown 
between D and E, whence tilie points B, C, D, E, F, and G (say) 
can be seen. Now with the staff still held on B take a reading 
with the instrument in its new position : also readings at C, D, E, F 
andG. We now have the relative levels of C, &c., compared with 
that of A. In a similar manner the rest of the section may be 
completed by setting up the instrument as shown in the diagram. 
A very slight error at the change points (i.e. when we move the 
instrument into a fresh position) would become a large one at the 
end of a long section. From what has been described it will be 
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seen that there is no check upon the accuracy of the work, and aU 
svrveying toork must be properly checked. 

The usual way to check the work is to commence taking the 
levels on some spot whose height is known and to finish it on some 
spot of which tlie level, relative to that on which we started is 
known. When it is impossible to find such spots, the practice is 
to commence levelling at A (Fig. 104) and continue to L, taking 
the heights of the intermediate points B, C, D, E, &c., and then 
to continue the work in the opposite direction back again from 
L to A, taking as long sights as possible. The result should be the 
same as the difference in level of A and L as first obtained. These 
levels, from end to start over again, are termed Cheeky Running^ 
or Flying Levels. In any short section, say 40 chains, the error 
should not exceed 0*05, and increases as the square root of tihe distance 
in miles — e.g. permissible error for 3 miles = 0*1 v^3 feet. 

Instead of starting exactly at the commencement of the section 
A, it is usual to start on some well-defined point such as a gate-post, 
wall, mile-stone, stump of a tree, or any permanent object, which 
is called a Beruh Mark. The staff is held on this and the reading 
booked in the level book. In checking the section flying levels 
can be taken back on to this B.M. (Bench Mark). 

Datum is some standard of measurement to which all other 
measurements are referred. It is an imaginary line parallel to 
the horizon, and also to the Line of Collimation. 

Collimation. — ^The Line of Collimation is the line of sight through 
the eyepiece of the level at the point where the cross-webs intersect 
and out through the centre of the object glass to the staff. (See 
Pig. 103.) 

The Datum for Great Britidn (Ordnance Bench 
Mark or O.B.M.) is the mean sea level (M.S.L.) at liver- 
pool. Ordnance Bench Marks are placed at numerous 
points all over the country and are shown thus : — 

The positions and heights of these Bench Marks Fio. 105. 
above Datum are shown on the ordnance maps. 
The use of Bench Marks is, as already stated, for cheeking 
levels, for changing the direction of the line of levels from a 
point, or to pick up and continue the levels from the point at 
which they were l^t on the previous day. When running a long 
line of levels it is as well to leave frequent Bench Marks, say at 
every 20 chains, so that in case of the accidental removal of the 
staff, or cessation of work due to weather, &c., it is easy to 
return to the last B.M. and resume the work from that point. 

The Datum for Ireland passes through a point on Poolbeg 
Lighthouse, Dublin Bay, at low-water mark of spring tides. 

Another Bench Hark used is in the Thames Valley. It is 
known as TrinUy High Water (T.H.W.). It is the level of the 
lower edge of a stone fixed in the face of the river wall upon the 
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east side of the Hermitage entrance to the London Docks. T.H. W. 
is taken as 12*48 feet above O.B.M. 

Trial Levels are levels taken at long distances apart in order 
to find out the feasibility of a scheme of works such as a railway, 
&c. The levels are taken at points which can be readily identified 
on the map. 

Entering Levels In the Field Book.— By entering the readings 
taken with the instrument in their proper places and correctly 
reducing them, all the required allowances for ^e different positions 
of the instrument are made. The levels of the different points 
are reduced to heights given in feet and decimals above some 
assumed level base called the Datum, from which they are plotted. 

The following is the mode of procedure in entering and reducing 
the levels : — 

Enter the first reading that is taken after each setting up of the 
instrument in the column headed ' Back Sight,* and the last reading 
taken in each one position of the instrument in the column headed 
' Fare Sight.* All other readings must be put in the column 
headed ' Intermediate.* In starting the work the first reading, 
taken on a Bench Mark (10*30), is entered in the Back Sight column. 
(See Fig. 106.) 
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B.M. on top of milMtone. 
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In the remarks column a full description of the Bench Mark 
shoidd be given, and it is a good plan to make a sketch of it so 
that tihere may be no doubt as to its position. If the height of 
the position be known or assumed it should be entered in the 
column headed ' Height above Base ' or ' JReduced Level.^ The 
height of any point above any Datum is called the Reduced Level 
(B.L.) or sometimes Height above Base (H.A.B.). For convenience' 
sake it is usual to take any imaginary datum below the earth's 
surface some even number of feet, such as (say) 20 below the first 
station, and reduce all levels to this. In choosing this imaginary 
datum we select one sufficiently large to prevent any levels coming 
below it. This avoids contrary signs (+ ai^d — ) in the calculation 
and facilitates plotting. To enter the next reading, which is an 
intermediate (7*60), place this in the Intermediate column, and 
the distance along the chain line in the Distance column (1 *00 chains) , 
with any descriptive remarks required in the Remarks column. 
The same is done with the rest of tiie Intermediates 6*40, 6*10, &c. 

The last reading we take before moving the instrument is 10*56, 
this is consequently a Fare Sight and must be Altered in the F.S. 
column, with its distance along the chain line (7*00) in the Distance 
colunm. We shall now move the instrument, set it up in its new 
position and take the reading of the same spot again. That is to 
say the staff holder at 7 chains will hold the staff on the same spot 
until it has been read again by the surveyor with the instrument 
in its new position. By this means we keep each line of coUimation 
relative to the preceding one. This reading (11*17) being the 
first taken after setting up the instrument will be a Back Sight, 
and must, therefore, be entered in the B.S. colunm. As the position 
of the staff is the same as that of the F.S. just taken it would seem 
best to enter it on the same line, though some surveyors prefer 
it to be entered on the next line, so as to keep each line of coUima- 
tion separate. The remaining levels are taken and entered in a 
similar way until the whole are as shown in Fig. 106. 

To Reduee the Levels, i.e. to calculate the H.A.B. of each spot. 

RisB AKD Fall Method 

Take the difference between the first and second readings, and 
if the first be the larger enter the difference in the jRi^e column : 
thus 10-30-7*60 = 2*70 : enter 2*70 in the Bise column on the 
same line as the 7*60. (See Fig. 107, p. 118.) 

The difference between the 7*60 and the next reading 6*40 is 
1*20, which is also a rise and must be entered in the Bise column. 
The difference between 6*40 and the next reading 5*10 is 1*30, 
to be entered in ihe Bise column. The difference between 5*10 and 
5*90 is 0*80 to be entered in the FaU column, because the next 
reading 5*90 is greater than the preceding one. The difference 
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between 5*90 and 8*30 is 2*40, to be entered in the FaU column. 
The difference between 8*30 and 0*11 is 0'81 to be entered in the 
FaU column. The difference between 9*11 and 9*09 is 002, to be 
entered in the Bise column. The difference between 0*09 and 10*56 
is 1*47 to be entered in the FaU column. We have now done with 
the figures 10*56 and the first line of coUimation from 10*30 to 10*56 
is complete. Now start with the figures 11*17 and proceed as before 
until we reach the figures 7*09 and the second line of coUimation 
from 11*17 to 7*09 is complete. Next take the figures 8*06 and 
10*11 ; the difference is 2*05 to be entered in the FaU column, 
and the third line of coUimation is complete. Lastly take the 
figures 11*13 and 12*10 ; the difference is 0*07 to be entered in the 
FaU column, and the fourth and last line of coUimation is 
complete. 

RISB AND FALL METHOD 



B.8. 


Inter. 


P.8. 


B. 


P. 
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To check the accuracy of this part of ihe work. Add up the B.8. 
and the F.S. and deduct the one total from the other. Thus 40*66 — 
3Q-86 = 0*80. Do ihe same with the Bise and FaU columns, and 
the difference in the one case must be the same as in the other, thus 
14-34 — 13-64 = 0-80. 
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The next thing to do is to make up the R.L. column. This 
is done by adding each rise to or deducting each fall from the B.L. 
of the preceding point. Thus the first point being 20 '00, the second, 
as there is a rise of 2*70, will be 22'70, and the next, as there is a 
further rise of 120 will be 23*90. The next point will be 25*20 
as there is another rise of 1*30. The next point, however, will be 
24*40 because there is a fall from the last point of 0*80, and so on. 

To check the (xccwmcy of this fart of the toork. Having completed 
the B,L. column, deduct the last B.L, from the first R,L. or vice versa 
and the dijference thus formed must be the same as the difference 
between the totals of the B,S. and F.8. and also the same as the 
difference between ffie totals of the Rise and Fall columns. 

The field book being now complete, it remains for us to plot a 
section on paper from the field notes. As there is a very great dispro- 

Krtion between the horizontal lengths and vertical heights, it would 
impracticable to prepare a long section so that the vertical 
measurements could be easily read with the same scale. Conse- 
quently it is the practice to choose two different scales, one for 
the horizontal and one for the vertical measurements. The hori- 
zontal scale is generally the same as that to which the plan, if any, 
is plotted, say 1, 2, 3 chains to the inch. 

The vertical measurements are plotted to a much larger scale, 
say 10, 20, 30 feet to one inch. For a long section a much smaller 
horizontal scale may be used : a proportion of (say) anything from 
50 to 100 to 1. It will be seen that in using the scale of 1, 2, 3, &c. 
chains to the inch the same side of the scale may be employed for 
plotting the vertical heights of 10, 20, 30, &c., feet to the inch — 
care being taken not to use the feet side of the scale. 

It is a very easy matter to prepare the section. Take a piece 
of drawing paper and carefully pin it to the drawing board. Draw 
on it with a T square in pencil the datum line. The datum line is 
plotted on paper as a perfectly straight line, notwithstanding that 
it partakes of the form of a curve. Mark off on this the horizontal 
distances with a pricker, and figure them in from the notes in the 
distance column. Erect, with a set square working on the T square, 
at each of these points perpendiculars in pencil, slightly beyond 
the height of their actual requirement. Figure in all the vertical 
heights, taken from the B.L. column, and prick them off on the 
perpendiculars by means of the scale. Now join these points by a 
straight line. If the perpendiculars are likely to be of an unreason- 
able length deduct some constant round number from each and 
make a note on the section base line that it is so many feet above 
datum. Fig. 108 (p. 120) shows a correct plotting of the levels 
given in Fig. 107. 

The perpendiculars beginning at 1 chain and ending at 11*50 
may be inked in in red, al^ all figures, but the rest may be black. 

If the work be checked by levelling with flying levels back to 
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the starting point, then the B.L. of A as found a second time (see 
Fig. 109) is the same as was entered at first. It will also be noticed 
that in checking the book the totals of the B.S. and F.S. are the 
same, also the totals of the rises and falls. In plotting from such 
a level book the check levels are, of course, dif^ard^ It very 
seldom occurs that the levels work out as exactly as is shown here, 
and an error within the amount already mentioned may be neglected. 

The fottowing are the principal points to be attended to in order 
to secure accuracy in levelling : — 

1. EquaUty and moderate length of back- and fore-sights. By 
placing the instrument midway between the B.8. and F.S. errors 
due to curvature and refraction and of adjustment of the instru- 
ment are eliminated. The limit of length of sight from the instru- 
ment to the staff should be 660 feet. At this distance the combined 
error of curvature and refraction is 0*009 foot (^ X ^ X 0*577) which 
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may be neglected. Such a distance as this is seldom read, so that 
tike ordinary sights will be well within the mark. Beginners are 
tempted to take too long sights and it is as well to limit them to 
(say) 3 chains. It will be seen from this that in practice curvature 
and refraction may be disregarded : in fact they need only be taken 
into consideration when taUng such sights as are explained under 
the notes on curvature and refraction. 

2. Accurate temporary and permanent adjustment of the 
instrument. 

3. The staff should be held vertical by the staff-holder. 

4. Careful reading of the staff. 

5. Careful setting up of the instrument so as to be free from 
shake. 

6. Care that the staff is on solid ground, especially at the 
change points. 

It is a good plan to set up the instrument so that, if it is a three- 
screw, one arm of the tribrach (or if a 4-screw, a pair of screws) 
is exactly under the telescope when taking readings. Then the 
bubble can always be brought to the centre of its run when reading 
B.S. and F.S., which is a very important point. 

If it is found necessary to cany forward the work in the level 
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book from page to page, the last intermediate should be put into 
the F.S. column and carried on to the B.S. column on the next 
page. 

LEVEL SEOnON 
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Colllmatlon Hefhod.— Besides the rise and fall method of keeping 
the level book there is another known as the CotUmation mewod. 



OOLLDiATIOK HBTHOD 
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Fig. 110. 

Fig. 110 gives a few levels entered in this form of book. The first 
back-sight is added to the reduced level of this point. This gives 
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the reduced level of the line of collimation of the instniment, 
which is entered in the Height of InsMuneni column. The readings 
of the successive points are deducted from this H.I. and give the 
reduced levels of the several points. For instance, the reduced 
level of the first intermediate is 9230 — 8*20 = 84*10, and so forth. 
When the F.8. has been read, the instrument is set up in its new 
position as explained before. The new B.S. is read and added to 
the last reduced level ; this gives the H.I. at its second setting. 
Proceed as before. 

To check this form of book, add up the backnsights, and to this 
total add the R.L. of the starting point. iVom tins subtract the 
sum of the fore-sights. The remainder is the last reduced level. 

JEa»mpfe.— Sum of B.S. ::= 13*96 
First R.L. = 86*16 



10011 
Sum of F.S. ^ 15*04 



85*07 == Last R.L. 

Also the difference between the total B.S. and total F.8. should 
equal the difference between the first and last B.L.'s. 
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16*04-13*96 = 1*09 
8616 -85*07 =1-09 
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ComiMurison of Rise and Fall and Collfmatlon Methods.— The 
collimation method saves much labour in the reducing of the 
intermediates. In the Rise and Fall method there is a check on 
the intermediates, because any error in the reducing of an inter- 
mediate affects aU the levels coming after it. In the Ck>Uimation 
method a wrongly reduced intermedmte does not affect any other 
levels. There is, of course, no check on the reading of the staff 
by either method. Though the Rise and Fall methoa is that most 
usual in practice, there is little doubt that the Collimation is as 
good, if not better. 

Cross Sections. — When constructing a road or railway and the 
ground slopes transversely, transverse levels are required, wherever 
ike surface is uneven and irregular, besides the centre line of levels, 
in order to calculate the amount of excavation and embankment. 
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These cross-sectional lines should be set off at right angles with 
the centre line by means of the optical square. Fig. Ill shows 
a plan of the longitudinal section with cross-sections at the required 
intervals. The longitudinal section is taken along the line in the 
ordinary way already shown, and cross-sections are taken at the 
points C, D, and E, the distances at which the levels were taken 
being shown. 

The levels of the cross-section may be taken separately or in 
conjunction with the longitudinal section. 

The following (Fig. 112) is a Form of level book for croas-secHon 
leveUing : — 
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The level of the ground on the section line at 0*50 is 52*04 

at 30 to the left of 0*50 „ 53*02 
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Each cross-section should be plotted separately. Instead of 
taking the levels of the cross-section with the level, the angle of 
slope may be taken with the clinometer as explained before, and 
the angles plotted on the cross-sections by a protractor. The 
above form of level book is very useful for taking what are called 
spot levels — that is, levels at numerous different spots. In this 
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case a central line is pegged out at oonvenient intervals and at 
each of these intervals cross-sections at right angles are also 
pegged out as required. Levelling is then proceed^ with in the 
ordinary way by reading as many of the pegs as possible with 
one setting up of the instrument, then moving the instrument 
and proceeding as before. The position of each peg is marked 
on the plan with its letter or number, and each p^ is marked to 
correspond. 

Fig. 113 shows a section and cross-section plotted as it should 
be shown. 

Oiadients. — A gradient is the ratio of the perpendicular to the 
horizontal distance. It is generally expressed as a fraction, ^ or 
1 in 20 ; meaning that the difference of level in a horizontal 
distance of 20 feet is 1 foot. 

To find the rate of inclination of a gradient— Find the difference 
in height above the datum at the beginning and end of the gradient, 
and divide this into the horizonkU length of the gradient. 

Eoxmple (Fig. 113). 

The distance from A to B is 42 chains. The H.A.B. at A is 
103 and at B 166 : difference = 63 feet. 42 chains = 2772 feet = 
horizontal length of gradient. 

2772 -7-63 = 44 = ariseoflin44. 
. * . The gradient is ^ or 1 in 44. 

An inclination of 1 in 20 is the steepest for wheeled vehicles 
drawn by horses that is practicable for any distance. For short 
distances such as a quarter of a mile 1 in 16 is permissible, and 
even 1 in 8 in exceptional places for (say) 50 feet. 

By the angle of slope is meant the number of degrees formed by 
the slope and the horizontal. 

Example (Fig. 114). 
D 




ACD = the angle of slope. 

Gradient s: tangent of angle of slope. 



-vj^ = the gradient. 
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The gradient may be calculated from the angle of dope, and 
the angle of slope from the gradient. (See chapter on Trigono- 
metry.) 

Computation of Earth-worL— When the gradient of a road or 
railway has been decided upon, and the 'fortnaHon levd ' (shown by 
the thick black line in Fig. 113) has been drawn on the section in 
such a way that the amount of earth to be removed in the cuttings 
as nearly as possible equals the amount required for the embank- 
ments, the next step is to calculate the cubic contents of the cuttings 
and embankments. It is of great importance that the required 
embankments should never exceed in cubic contents the quantity 
of the cuttings for obvious reasons ; ratiier should it be slightly 
the other way. 

To obtain the cubic corUenta. — ^First divide the quantities of the 
cuttings and embankments, between the formation level and the 
ground level on the section, into triangles and trapezoids, as dictated 
by the undulations of the surface hue. Next it is necessary to 
consider the ' slopea ' or ' batters * of the cuttings and embankments — 
1} to 1 for the former (i.e. 1} horizontal to 1 perpendicular) and 
2 to 1 for the latter may be considered as an average. Suppose 
the cubic contents of a triangular portion of cutting, such as ABC 
in Fig. 114, are required to be worked out. Let the slope of the 
cutting in this instance be 1} to 1, the height 20 feet, the length 
600 feet, and the width 30 feet. The Prismoidal Formula (p. 4, 
No. 5) must be used. 
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Boning Rods. — ^These are pieces of wood in the shape of T 
squares, of exactly the same length, by means of which foremen 
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of works aie enabled to work to levels which have been taken by 
the surveyor. In Fig. 115 let A, B, G be three pegs which have been 
put in at a certain level. It the foreman places three boning rods 
upon these pegs and si^ts along the top of them, held transversely 
to a boning rod at D, when the four boning rods are seen exactly 
level at the top aD four spots are on the same level. Or, again, 




Fm. 116. 

if the pegs A, B, C are on a certain gradient, and D be sighted 
as before, then the spot D will also be on this gradient. 

The boning rods are usually 3 feet long, and the cross-piece 
15 inches. It is a good plan to have the first B.B. as shown in 
Fig. 116, with the top edge painted white, and the last as shown 
in Fig. 117 with the two ends painted black. When setting out 
curved lines, the cross-piece may be made longer. In setting out 



»¥^mned 



>mhHe 






Fu. 116. 



Fm. 117. 



the gradient of drains * mqU raOs ' are fixed at each end of the 
inclination, as shown in Fig. 118. They consist of two uprights 
driven into the ground on either side of the manhole, with a cross- 
piece nailed to t£e upri^ts at a given level above the invert. The 
invert is the bottom of the channel pipe in the manhole. To the 
ordinary boning rod another piece of wood is attached so that it 
is ">^A the same length as the sight-rail above the invert. There, 
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if the boning rod is held at any point between the two eight raile, 
the proper gradient is airiyed at. (See Fig. 118.) 

To Level aeross a WalL — ^It may occur sometimes that the line 
of levels is intercepted by a wall, during the operation of levelling. 
If it is inconvenient to level round the wall by a circuitous route, 
the difficulty may be overcome in the following manner : — 

On approaching the wall take a Fort Sight to the staff held 
at the foot of the waJl, and book it as usual. Let us suppose 
the wall to be 13 feet high. There is consequently a rise, of 
13 feet. The hei^t of the wall is ascertained by measuring it 
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with a tape. Enter in the Back Sight column 14*00 and in the 
F.S. column 1 *00. (See Fig. 119.) This gives a rise of 13 feet which 
added to the B.L. is the level of the top of the wall. Now enter 
the top of the wall as a B.S. of 0*00, and suppose the top of the wall 
is 16 feet above the ground (ascertained by the tape) on the other 
side there will be a fall of 16 feet, so that the next F.S. must be 
15*00. Now proceed with the levelling, holding the staff at the 
foot of the wfliJl, and entering the reading taken there as a B.S. 
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If there are several walls to negotiate, such as are found at the 
backs of houses, between the gardens, the level might be set up on 
the wall, without its tripod. 

When the staff is so near to the instrument that the feet figure 
does not come within the range of vision, direct the staff holder to 
move his finger up or down until it comes within sight. Now, by 
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looking away from the telescope directly on to the staff, the position 
of the finger wiU determine what is the ' feet ' number to use. 
Sometimes the divisions cannot be read because the staff is too close 
to be f ocussed. When this is the case direct the staff holder to hold 
a pencil against the staff and move it up or down until its edge is 
cut by the line of collimation. The reading can then be determined 
as just described. This should only be adopted for intermediate 
sights, it is hardly accurate enough for change points. 

Reeiprocal Levelling.— This is a method of checking levels, 
from hill to hill, when proceeding through a vaUey, or when crossing 
a river, and it is not possible to set up the level in the halfway 
position. Set up the level at A (see Fig. 120) and take sights on to 
the staff at B and at C. 

Note the difference of level. Next set up the instrument at D, 
the point D being the same distance from C as A is from B, and 
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take sights on to the'staff at C and B. Note the difference of level. 
The mean of the two results is the correct difference of level. 

To loeate a given level* — When it is required to put in a peg 
or mark a spot at a given B.L., the procedure is to deduct this 
B.L. from the height of the instrument, and the difference is the 
required reading on the staff. Then drive in a peg until, when 
the staff is held on it, the required reading is obtained on taking 
a sight. 

Levelling with the Theodolite*— This may be done in two ways. 
The theodolite may be used in the same way as a Dumpy Level, 
in which case its adjustments must be properly seen to ; or the 
vertical heights and distances may be worked out by trigonometry 
(as explain^ in the chapter on Trigonometry) from the angle of 
elevation or depression and the measurement along the slope. 
When a section is required in very hilly country this latter is practi- 
cally the only method to be adopted. If ordinary levelling were 
adopted in such a case the number of readings required would 
be enormous. The theodolite is also invaluable for setting out 
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gradients. It is only 
requiied angle of elevation or 
point in the line of gradient rec 
depression is worked out from tt 
Preelse Levelling.— This is b 
It may be defined as the carryii 
coast to inland spots. Upon thi 
are established at certain elevati 
levelling of the rest of the count 
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Precise levels are also required when large engineering works 
have to be executed. Special methods and precautions have to 
be adopted in this form of levelling. 

The Anerdd Barometer.— For determining altitudes rapidly 
within a certain degree of accuracy this instrument is very useful 
in a hilly country. It consists of a metal case with a glaias front 
and is from 3 to 5 inches in diameter. Inside the case is a corrugated 
vacuum chamber with a strong spring above, a compound lever 
apparatus, dial, and hand. It depends for its action upon the 
pressure of the atmosphere on this vacuum chamber, the tendency 
of whidi is to collapse. 

To use the barometer tor measuring altitudes.— Turn the outer 
rim of tiie instrument until the index carried by it reads to the 
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same point as the index hand. On ascending the hill the hand 
travels backwards. Hold the aneroid horizontal and tap it gently 
during observation. Note the reading at the start and again at 
the end : the difference between the two gives the number of 
feet ascended. The observation should be made both ways, 
descending to the start. Always hold the instrument in the 
same position, when taking the readings, either horizontally 
or vertically. 

When greater accuracy is required, correction for the temper- 
ature of the air, ftc., must be made. There is a screw at the 
back of the aneroid by which it may be brought to the reading 
of a mercurial barometer at the position the mercury may be 
in. The instrument should be treated with care, and occasion- 
ally sent to be cleaned and adjusted. Fig. 121 shows a 3-inch 
aneroid barometer. 
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' The Apomeeometer is a small instrument 1| inches in diameter 
and I inch thick, like the optical square, except that the faces of the 
mirrors are fixed at an angle of 22^ 30' instead of ^d'', and 
because the total deviation of a ray of light, after reflection 
successively at each mirror, is double tiieir inclination, they conse- 
quently give a reflection of 45'' instead of 90''. It was invented 
by B. C. Millar, A.R.I.B.A., and is very useful for finding the 
heights of buildings, trees, ftc. From the inventor's description 
of the instrument the following notes are obtained : — 

The instrument consists of two mirrors, A the index glass and 
B the horizon glass. (See Fig. 122.) These mirrors are fixed at 
an angle of 22^ 30' (Z. ADB). HE represents the vertical height 
required, and HC the horizontal line. AE represents the ray of 
light, or refiection of the image at E, striking the mirror at A, 
and from that reflected to the glass at B, half of which is silvered 
and formed into a mirror. Then, on looking through the aperture 
at L, the instrument being held edgewise in the hand, the point 
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H is seen by direet Tision through the plain half, while the point 
E is seen reflected in the mirror. These two points must be made 
to coincide, which is done by moving the instrument backwards or 
forwards along the horizontal line CH. The openings in the instru- 
ment close as in the optical square, by rotation, so that the dust 
is kept out, when not in use. 
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To use. — ^The angle measured being 45^, the horizontal distance 
is equal to the vertical. Holding the instrument in the hand at 
a distance away which is judged to be about the height of the 
object to be measured, observe by direct vision a point at the 
level of the eye on the wall of the house C. (See Fig. 123.) 
It is important to select a mark which is at the proper level 
of the eye and in a vertical line with the higher extremity 
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of the height to be measured. Now walk backwards or forwards 
until the point of the house D is seen reflected coincident 
with the spot C observed by direct vision. Then the distance AC 
of the observer from the house :=: the height of the house CD 
from the spot observed by direct vision on its wall. To this 
must be added the height of the observer's eye above the ground 
so as to fix the correct height of the house required. If a part of 
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an object be required to be measured such part may be taken on 
the horizontal plane as in Fig. 123, where AB = D£. 

If the instrument is held on its side like the optical square, 
horizonial distances may be determined. The following figure (124) 
and notes taken from the inventor's explanation will me^e this clear. 

' A base line is all that is necessary in order to 
take the observations. The angles at A, C, D, and F 
are taken with the instrument by moving back- 
wards or forwards along the base Une AF. Half 
AD equab AB or BO, the distance of the buoy 
at O ; half CF = EF, or the distance of the other 
buoy from the base line. The distance HK equab 
EK minua BO : therefore in the right-angled triangle 
KHG, the sum of the squares of the sides containing 
the right angle is equal to the square of the 
hypotenuse, or the distance GK between the buoys.' 

The Clinometer and its use has been already 
described. It is made in various forms and is very 
useful for taking the vertical angles of inclines and 
the slopes of cuttings and embanlmients. 

The Hypsometer is an instrument for deter- 
mining the boiling point of water. Water boils at 
a temperature according to the amount of atmo- 
spheric pressure surrounding it. From this fact it 
is possible to calculate the heights above sea level. 

It consists of a cylindrical boiler (Fig. 125) with 
a telescopic funnel from which the steam escapes. 
Underneath the boiler is a spirit lamp. A thermo- Fia~i25 
meter is inserted through a tube in the funnel into 
the boiler. Various formula are employed for computing the 
difference in height between two spots. Its use, which is 
considered outside the scope of this book, may be ascertained from 
Stanley's ' Surveying Instruments.* 



CONTOURS 

Contours are levels of equal value. These levels are connected 
by lines which are called contour lines. All the points on a contour 
line are at the same height above an assumed base. Take as an 
example of illustration a tract of undulating land which has been 
flooded : the line which is left by the high-water mark of the flood 
represents a true contour, in that everywhere along it the level is 
the same. Fig. 126 shows contour lines round a hill, and also 
the manner in which a section may be prepared from them. 

Contours are very useful to the surveyor in the development 
of a new country, the formation of roads, sewers, canals, railways, 
waterworks, &c. It is, however, a tedious and expensive business 
to define them. For the limited areas with which we have 
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to deal generally, ' spot leveb,' which have been aUuded to, will 
06ETe the purpose. The ordnieuioe mape show contours, on the 
1-inch map at 100-feet intervals, and on the 6-inch map at 100- 
feet intervals after the first two contours which are at 50 and 100 
feet. The difference of level in feet between two contours is 
called the Vertical Interval, written V.L The distance in yards 
on plan between any two contours is called the HorizanUd 
Equivalent, written H.E. Fig. 127 shows what is meant. BC is 
ihe horizontal equivalent or distance between a contour at C and 
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one at A. AB is the height of the contour at A above the contour 
at C and is called the vertical interval. 

There are several ways of contouring. A very good method to 
adopt is to take sections through the length and width of the country 
to be contoured. On these sections the differences of height above 
base should be marked with pegs. The next step, and the tedious 
one, is to trace with the instrument and staff the line of level from 
P% to p^ ; the staff holder having to move about continually 
until he is in the correct position. 

When the contours have been pegged out, they must then be 
surveyed, just as though they were so many fences, and drawn 
on the pluL 
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0n6 of the best methods of potting than in is by traversing, 
which is explained in the chapter on l^versing. 
' To Read Contoured Plans.— This is an easy matter when the 
heights of the contours are figured in ; it is only when these figm-es 
are absent that any di£Boalty arises. 

The first thins to do is to identify on the map the lowest part 
of the country ; wis will usually be indicated by the largest stream 
or river shown. From this point the contours may be numbered 
from (say) upwards. 

The features which are of the greatest assistance in reading 
the heights are the cob. A col is a depression between two adjacent 
hills, or a pass in a mountain range. ^ ^ . | ^j . 
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To compare the relative heights of two hills, count the intervals 
between the contours from the col to the top of each hill. The 
V J. multiplied by the number of intervals gives the height of 
each hiU. For instance, suppose the number of contour inter- 
vals from the col to one hill is 4, and to the other is 6 ; then, if 
the V.I, is 20 feet, the height of one hill is 80 feet and the other 
100 feet. 

A section drawn from one point to another (Fig. 126) will show 
whether two points on the plan are visible from each other ; but 
a close study of the contours will avoid the necessity of this in 
general because it is obvious that if the contours are closer together 
at the top of the MO the hill is (xmeave, and convex if they are 
closer together at the bottom. 

I V I 2^ I 3^ I 4*^ I 5' leH 

Fig. 127a. 

A scale of slopes or horizontal equivalents is sometimes 
drawn on plans. This scale is obtained by working out the hori- 
zontal equivalents (Fig. 127) for varying degrees of slope and a 
given y.I., and then c&awing the lengths found to the scale of 
the map. Fig. 127a is a scale of H.E. for 20 feet V.!. on a six 
inches to a xnUe plan. 
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If the distance is measured between the contours on the plan 
by this scale, the slope of the ground at any place is at once 
ascertained. For instance, if the distance from one contour 
to another on the plan is the same as the distance indicated 
on the scale of slopes by (say) 4°, then the slope between 
them is 4^. 

The solution of right-angled triangles, whereby these H.E.'s 
may be worked out, is explained in Chapter VIII., but the calcu- 
lation may be simplified by the use of an easy formula which is 
derived from the fact that in a right-angled triangle having a slope 
of V there will be a rise of 1 foot in 57*3/eet. ^ 

57*3 
A 2° slope, therefore, will have a rise of 1 foot in —k- or (say) 

67*3 X 20 
1 in 29, and a rise of 20 feet in s » * ^"^ *^^P® "^^ ^*^® 

a nse of 1 foot m -g— , and 20 feet m « > wid so forth. 

From this the following formula is obtained : — 

H.E. = ^^'^ ^ ^'^' 

where D = the degree of slope. 

This formula is approximate; for any degree of slope over 
20**, or for greater accuracy, the solution must be made by tri- 
gonometry. 

By the same formula D and V.!. can, of course, be found. 

The angle of slope can be obtained from contour lines on a 
plan by measuring with the scale the horizontal distance between 
two adjacent contours : this gives H.E., and V.!. ia the vertical 
contour interval of the plan. 

Then from the above formula : — 

^ 67-3 X V.I. 
^■" H.E 

Also VI -?-^?^ 

Also V.l. - —57.3— 

The necessity of having to construct a scale of H.E. for different 
scales of plan is obviated by the adoption of what is known as ihe 
normal system of contours. By this system — the basis of which is 
that on a scale of six inches to a mile the V.I.'s between the contours 
shall be 20 feet — the distance between the contours on every plan 
is always the same for the same slopes, no matter what the scale 
may be. 

Thus, when a scale of H.E. is not shown on a plan, we 
may assume that the contours are on the normal system ; and, 
in this case, the V.l. for any plan can always be ascertained by 
dividing 120 by the scale of the plan in irches to the mile, or by 
dividing the denominator of the B.F. by 528. 
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Adjitsthsnts 



The Adjustments of the Dumpy LeveL — These are divided 
into two kinds : — 

1. Temporary. 

2. Permanent. 

The temporary adjustments are those which the surveyor makes 
every time he uses iiie instrument, and consist of : — 

(1) Accurate ' setting up ' and * levelling ' which have been aheady 
described. 

(2) The elimination of ^ParaUax.' 

Parallax is due to improper focal adjustment whereby the foci 
of the object glass and eyepiece fail to coincide with the cross 
hairs of the dutphragm. When parallax exists, an inddfiniteness 
of reading is produced, and by moving one's head up or down in a 
vertical line the cross webs appear to move also. It is necessary, of 
course, that the cross webs should remain fixed upon the staff, 
no matter whether one moves one's head or not. 

To correct the error, slightly move the eyepiece pushing it in 
or pulling it out until you see the cross webs clearest and most 
distinct — ^that is, until the correct magnifying power of the eye- 
piece has been found. When this is once done there should be 
no occasion to alter the eyepiece for the rest of the day's work, all 
future corrections being made by the milled-head screw at the 
side of the telescope which gives correct focus. In practice, 
however, slight adjustment of the eyepiece may be found necessary 
for varying distance readings. If the object moves, the 0.0. re- 
quires adjustment. If the cross webs move the eyepiece requires 
adjustment. 

Pennanent Adjustments.— (1) Adjustment of the bubble tube, at 
right angles to the vertical axis of motion — ^i.e. to make the instru- 
ment ' tntverse,' so that the bubble remains in the centre of its run 
in every position of the telescope. 

Test. — Level the instrument so that the bubble remains in the 
centre of its run in two positions of the telescope at right angles 
to one another. 

Now turn it through a further 90^ or 180^ from its original 
position and place it over the same two foot screws again. If 
the bubble now remains in the centre of its run, aU is well, but 
if not — 

Adjustment. — Note carefully the amount which the tube 
requires to be raised or depressed, and correct half by the foot 
screws and the other half hy the opposing nuts (marked B, B in 
Fig. 92) at the one end of the bubble tube, by means of the tommy 
pin. Repeat the process, if necessary, until the bubble retains the 
centre during a complete revolution of the telescope. 

(2) Adjustment of the line of eollimation, parallel to the adjusted 
bubble tube— i.e. to ensure that the line of collimation, or line of 

x3 
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observation through the telescope, is horizontal when the babble 
is in the centre of its ran. This is the most important adjustment 
of the level. 

Test. — Choose a fairly level piece of ground (see Fig. 128) and 
mark two spots with pegs having squarely cut tops and driven to 
within a few inches of the ground, about 1 chain apart. Set up the 
instrument exactly midway between the two pegs and take readings 
to the staff held on each peg. Suppose the readings are 3*50 and 
3*75 respectively. Lower the 3*60 p^ 0-26 in order to make the 
readings exactly the same. The two pegs will then be on the 
same level. Now remove the instrument and set it up as close 
as is practicable behind either peg. Bead the staff held on the 
nearest peg. Suppose it reads 3*^. Also read the staff held on 
the further peg and if the instrument is in adjustment the reading 
on this peg will be 3-60 too. Suppose however it reads 3'76, then — 
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Adjtutmeni, — ^Lower the diaphragm by means of the adjusting 
screws (F, F in Fig. 92) until the readings on both staffs coincide. 

Care should be exercised in this adjustment to see that both 
the adjusting screws of the diaphragm, after completion of the 
adjustment, are firm. 

The Adjustments of the Y LeveL— Temporary as before. 

Permanent— (1) Adjustment of the eollimation of the teleseope. 

Test. — Select some test object not less than half a chain away 
from the instrument. Set up the instrument in such a way that 
when the telescope is directed to this object it Ues exactly over one 
of the foot screws, or a pair of the foot screws, as the case may be. 
All parallax being elinunated the test mark must be accurately 
bisected by the cross-web. Now open the Y's and carefully rotate 
the telescope halfway round in the Y's until the cross-web is 
again horizontal. If the test mark is not now bisected but comes 
above or below the cross- web then — 

Adjustm&nJt. — Correct half the error by the foot screw under- 
neath the telescope and half by the screws at the eye end of the 
telescope. Repeat, if necessary, until accuracy results. 

(2) Adjustment of the axis of the telescope, so that it may be 
exactly at right angles to the vertical axis. 
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Tegt. — ^Focos the telescope upon the test mark and accurately 
biaeot it by the horizontal cro88-web. Next lift the telescope out 
of its Y's, and reverse it end for end in them. Be-direct 
the telescope to the test mark which should still be bisected by the 
cross-web, but if it is not then — 

Adjustment. — Correct half the error by the foot screw beneath 
the telescope and half by the circular lock nuts (B, B, Fig. 96). 
Repeat, if necessary, until accuracy results. 

(3) The adjustment of the bubble tube.— Set up the instrument 
as nearly level as possible by the foot screws. Place the telescope 
parallel to two of the foot screws, and bring the bubble to t^ 
centre of its run by turning one of them. Next turn the telescope 
halfway round on its vertical axis, and bring the bubble to its 
centre, half by the foot screws and half by the circular nut at the 
end of the bubble tube. Now turn the telescope only a quarter 
round, so that it lies over the other foot screw, or other pair of foot 
screws, as the case may be, and bring the bubble to the centre of 
its run by the aid of the foot screw or screws. Again turn the 
telescope halfway round, and if there be any error correct it half 
by the foot screws and half by the circular nuts at the end of the 
bubble tube. The instrument should now traverse properly, but if 
it does noty repeat until accuracy results. 
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LOGABITHlfS 



The ffloder it reeommendBd to obtain a oopy of Chamber$*s ' Mathematieal TMu ' ; 
(AeM naU$ an giffen in eonjuneHon with thi$ work, 

By meanB of logarithms, which are auxiliary numbers, the 
labour of calculation is considerably lessened. 

MvUiplieatum can be performed by Addition. 

Division „ „ „ „ Sttbtraetion. 

Involfdion „ „ „ „ Mtdtiplieaiion. 

Bvoiution „ „ ,, „ Divi&ion. 

Every number is some definite power of 10 and so we can define 
the eomimon loffaritkm of a given number m that pou>er to whiA 10 
miut he raiaed in order to produce the given number. 



Example.- 



lie 


logaridim of 100,000 = 


6 = 10» 


>> 




10.000 =x 


4 = 10* 


»» 




1,000 = 


3 = 10» 


}> 




, » 100 = 


2 = 10* 


»t 




. ,. 10 = 


1 = 10» 
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, » 1 = 


o = ia» 


99 




, .. 01 = 


- 1 = 10-- 


»> 




. .. 0-01 = 


-2 = 10-« 


»l 




0-001 = 


-3 = 10-* 


>» 




0-0001 = 


-4=10-* 


»» 




„ 0-00001 = 


-5=10-» 



The log of 10 is 1, and the log of 100 is 2, therefore the logs 
of all the numbers between 10 and 100 are greater than 1 and lees 
than 2. It wiU be seen from the above that it is very simple to 
find the log of any number that is a definite power of 10. 

Exam^. — ^If the number contains two figures then the log 
is 1 (log of 10 = 1), if three figures, then log is 2 (log of 100 = 2), 
and so forth. That is to say, the log is always one less than the 
number of integral figures. But this is only for definite powers 
of 10, what about aU those numbers which are not ? Look in tiie 
tables on page I, and we find : — 
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Log 1=0 

„ 2 = 0-3010300 

„ 3 = 0-4771213 

„ 4 = 0-6020600 

„ 6 = 0-6989700 

„ 6 = 0-7781613 

„ 7 == 0-8450980 

„ 8 = 0-9030900 

„ 9 = 0-9642426 

„ 10 = 10000000 

„ 11 = 10413927 

„ 12 = 10791812 

From this it will be seen that there ore two parts to a logarithm — 
the figures before the decimal point and those after it. The figures 
to the left of the decimal point are called the CJuxracteridtic of 
the log and those to the right the Mantissa. 

As explained, the characteristic is ascertained at once by inspec- 
tion, being always one less than the number of integral figures in the 
number, and the mantissa is found from the tables. A few examples 
will make this clear. 

(a) What is the log of 42 ? Look in the tables on page 1 and 
in the extreme left-hand colunm which is headed * No.* will be 
found the figures 42. Against this are the figures 6232493. These 
are the figures to the right of the decimal point and are called 
the mantissa of the log. As the number contains two figures, 
therefore the characteristic is 1, and the log of 42 therefore 
equally— 

1-6232493 

(b) What is the log of 6*2? If there is a decimal point in 
a number only the characteristic is affected, and not the mantissa. 
Against the number 62 are seen the figures 7923917, but what 
is the characteristic ? There is only one integral figure, therefore, 
as the characteristic is always one less, it is in this case 0, and the 
log of 6-2 i&— 

0-7923917 

(c) What is the log of 0-83 ? Look out the number 83 and the 
mantissa is found to be 9190781. What is the characteristic? 
Li this case it is negative and is — 1. In order that the log may 
not appear to be entirely a negative quantity it is written 1, wilJi 
the minus sign above instead of in front. The log of 0*83 there- 
fore is — 

T-9190781 

(d) What is the log of 0083 ? Look out 83 as before and the 
mantissa is 9190781. What is the characteristic ? It Is — 2 and 
the log of 0-083 is therefore— 

2-9190781 
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(e) What IB the log of 0*0083 ? The mantima ib the same 
9190781, and the characteristio this time is — 3, therefoze the log 
of 00083 is— 

3^9190781 

(/) What is the log of 0*000064 ? Look out number 64 and 
the mantissa is found to be 8061800. The characteristic will be 
— 6, and the log of 0000064 ia 



5*8061800 

It will be seen from the last four examples that the charac- 
teristic is easily ascertained by noting the position of the first 
riffnifieatU figure after the decimal point and prefixing the mmus 
sign. Thus in example c the first significant figure, 8, is in the 
first position, therefore the characteristic is — 1. 

In example d the first significant figure, 8, is in the second 
position, therefore the characteristic is ^ 2. 

In example e the first significant figure, 8, is in the third 
position, therefore the characteristic is — 3. 

And in example / the first significant figure, 6, is in the fifA 
position, therefore the characteristic is — 5. 

When, however, we arrive at page 6 we shall notice that the 
method of diowing the logs is rather different. Underneath the 
letters No. we see four figures, and at the top of the page the figures 
0, 1, 2, 3, 4, 5, 6, 7, 8, 9. These represent the Mth figure in the 
number column. We are, consequently, able to mid l^e logs of 
numbers containing five figures. 

As before a few examples should make this clear. 

(a) What is the log of 1001 ? Against the figures 1001 in the 
No. column we see 4341. These figures are to be preceded by 000 
and therefore the mantissa is 0004341. In order to save space 
the first tlu'ee figures are only written once, and 000 precedes all 
the figures until 001 is found to precede the next following four 
figures. The characteristic will be 3, as there are four whole 
numbers, and the log of 1001 is therefore— 

30004341 

(b) What is the log of 10001 ? Look in the No. column for the 
first four figures and under the log column headed 1 for the fifth 
figure of the number. The figures found are 0000434. As the 
number has five figures, the characteristic will therefore be 4 and 
the log of the number 10001 equals — 

4*0000434 

(c) What is the log of 37374 ? Look in the No. column for 
3737 and under the log column headed 4 the figures found are 
6696. Prefix the first three figures 672 and the mantissa is 6726696. 
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What is the characteristic ? The number has five figures therefore 
the characteristic is 4 and the log of 37374 equals— 

4-5725696 

A slight further alteration in the method of finding the logs of 
numbers containing more than five figures must now be noticed. 
Most tables do not give the logs of numbers higher than 108000. 

(d) What is the log of 46176532 ? Look out the mantissa of 
the log of the first five figures 46176. The mantissa of the log 
of 46176 = 6644163. Now refer to the extreme right-hand 
column headed ' Diff.' Choose the nearest small column, in this 
case the only one, headed 94. By means of the figures in this 
column we are enabled to ascertain what amount must be added to 
the log of 46176 in respect of the remaining figures 632, in the 
following way : — 

Mantissa of log 46176 = 6644163 
The difference f or 5 = 47 

„ „ „ 3 = 28 

It t> 1) 2 = 19 



.-. The log of 46176532 = 7664421299 
The positions of the difference figures should be carefully noticed, 
(e) What is the log. of 6644232 ? 

Mantissa of log 66442 = 8224427 
Difference f or 3 = 20 

,, „ 2= 13 



.-. Log of 6644232 = 6*82244483 

(/) What is the log of 105657? 

10565 = 0234682 

7 = 



.-. Log of 105557 = 6-0234870 

If the log of 106657 is looked out on page 197 it will be found to 
one more place of decimals, viz. 6-02348704. 

Pages xi and zii, sec. 6 <2, show a slightly different method of 
finding the logs of numbers containing more than five figures 
without recourse to the ' Diff.' column. 

Some of the figures in the tables have a line drawn over them. 
This means that t^ie four figures over which the line is drawn are to 
be preceded by the three fi^es given juei after inetead of before them. 

Exampk :— The log of 82604 = 4-9170011 and not 4-9180011. 
Also the number corresponding to the log 4-9180041 = 82796 
and not 82805. 

We have considered the looking out of the log of a number^ we 
must now consider the looking out of the number which corresponds 
to the log. The process will, of course, be exactly the reverse. 

To find the number wUeh eorrwponds to a given log.— Look 
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in the tables for the nearest log just bdow the given one. The 
difference between this and the given log must be used for finding 
out what figures must be added to the five figures of the number 
ahready found. Consult the small difference column at the side 
and take the nearest difference figure given in it, which is just 
below the difference of the logs already found. Against this will 
be found the sixth figure of the numb^. 

Subtract, add to the remainder, and again look in the ' Diff.* 
column for the next below and so obtain the seventh figure of 
the number. Repeat until sufficient figures are obtained. A few 
examples should make the above explanation quite clear. 

(a) What is the number whose log is 4*3678921 ? Look in 
the tables for the log next below and subtract it from 4-3678921. 
Then look in the ' dUE.' column for the nearest < diff.' number just 
below. 

Example. The given log == 4*3678921 

The next below = 43678775 =: the log of 23328 

The difference = 146 

In the ' diff.' column (187) we find 
that the next below 146 is 131, which 
stands for 7. Thus 7 is the sixth 
figure of the number .... 131_ stands for 7 

Subtract 131 from 146 and add 150 

The nearest * diff.' below 150 is 131, 
but it will go out at 150 and we have 
sufficient figures 150 stands for 8 

.-. The number = 23328*78 

Nora. — ^As this process is the reverse of finding the log, the 
numbers must contain one more figure to the left of the decimal poinl 
than is indicated by the characteristic of the given log. 

In the example just given the diaracteristic of the given log 
is 4, therefore the number must contain 5 figures to the left of the 
decimal point as shown. 

(6) What is the number whose log is 6*1234321 1 
Given log == 6*1234321 
Next below = 6*1234269 = log of 13287 
Difference = 52 

Next difference below = 33 =s 1 

Subtract and add = 190 

Next difference below = 1A3_ = 5 

Subtract and add = 270 

Next difference below = ^ = 8 

.'. The number = 1328715*8 . 

Further decimal places could be found if required. As the 
characteristic of the given log is 6, therefore the number must 
contain 7 figures to the left of the decimal point as shown. 
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Ifihe given log contain more than seven place* of iedmaii iho$t 
beyond the seventh must be brought down instead of adding 0'«. 

(c) What is the number whose log is 3-987654222 T 
OiTcn log = 3-987664222 
Next below = 3-9876529 i i = log of 97197 

13;; 

4^1 
4lj= 9 

12 
14= 3 

It is as well to finish off, as we have done, with the nearest 
differoioe whether above or below. 

.-. The numb« = 9719-7293. 

ThB UsB or LOOABTTHMS 

To moltiply two nnmbers together.— Find the log of each 
number. Add them together and the total will be the log of the 
answer. 

JPaxOTtpfe.— Multiply 231-4 by 6-062. 
Log 231-4 = 2-3643634 
Log 6-062 = 07043221 
Log of answer = 3-0686856 

Next lower = 3-0686681 = 11713 
174 

149 =4 
260 
261 =7 

Answer = 1171-347 



To ffivlde one number by another.— Find the log of each number, 
subtract the log of the divisor from the log of the dividend, and the 
result will be the log of the answer. 

JI^RimpIe.- Divide 0-06321 by 124-66. 

Log. of 0-06321 =2-8007868 
Log of 124-66 = 2-0953786 

Log of answer =4-7064072 

Next lower = 4-7054018 =60746 
64 

62 =6 
20 
J7 = 2 

Anawtr « 0*0006074662. 
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It will be noticed in tiie above example that oaloolationB with 
negative characterifltios are made according to the roles of a^braio 
subtraction. The sign of the bottom number is changed and 
added to the top. Thus to subtract 2 from 2 the result is found 
by adding 2 to ^ which gives 4. 

To perform Invoiatfon (i.e. to raise a nomber to a required power). 
— ^Find the log of the number ; multiply it by the exponent of 
the power and the result will be the log of the answer. 

£«ample.— (a) Find the square of 731-77. 
Log of 731-77 = 2-8643746 



Log of answer = 6-7287492 
Next lower = 5-7287433 = 63648 

69 

_67 =7 

20 
_16 =2 

40 

41_ =6 

Atuwer = 636487-26 

(6) Find the fourth power of 9-163. 
Log of 9163 = 0-9620377 



Log of answer = 3-8481608 

Next lower = 3-8481460 = 70493 

48 

43 =7 

60 

60 = 8 

Answer = 7049-378 



To perfonn eToIatfon (I.e. extract the root).— Divide the loga- 
rithm of l^e given number by the exponent of the root, and tiie 
result will be tiie log of the answer. 

ExampU. (a) Und the cube root of 64321. 

Log of 64321 = 4-7349678 
4-7349678 -r 3 = 1-6783226 = log of answer. 
Next below = 1-6783182 = 37872. 

44 
46 = 4 

Answer = 37*8724 
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(b) Find the cube root of 0064321 

Log of 0054321 = 2-7349678 

Here the negative characteristic is not divisible by the divisor 3, 
so that we most add such a negative number to it as will make it 
divisible, and prefix an equal positive integer to the fractional 
part of the log. 

Thus 3) 3 + 17349678 (The value of the log is un- 

T'5783226 altered because 1 and 1 

Next below 1-6783182 =37872 or are added to it.) 

44 
46=4 

Answer = 0-378724 
See pages xiii, xiv, xv, and xvi in the Tables. 
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TBIOONOMBTBT 

Tbiqonomitbt treata of the measurement by ealctdaiion of the 
different parte of a triangle. It is a branch of mathematics which 
is essential to Surveying. 

Every triangle has six distinct parts, three angles and three 
sides. If we know any three parts (except the three angles) we 
can ascertain by calculation the remaining three parte. We could, 
of course, ascertain the three remaining parts by ' plotting * and 
scaling also, but this method is not sufBciently accurate, and so we 
resort to trigonometry, which enables us to calculate wUhovi ploUing 

any of the parts which 
we could have ascer 
tained by plotting and 
scaling. 

The difficulty is to 
obtain a common basis 
of measurement because 
angles are expressed in 
degrees, fninuUs, and 
seconds (a right angle 
being 90^) and sides 
according to the ordin- 
ary standard of linear 
measurement such as 
chains, yards, feet, ftc. 
It will be perfectly obvious that in a sum involving the multiplying 
together, Ac., of such terms as degrees and minutes by chains, or 
yards, we should not advance much towards a solution. 

It is necessary'^to obtain some means whereby we can express 
angles and sides in the same terms. Indirectly angles may be 
expressed in terms of linear dimensions by meads of ratios. In the 
case of any angle, if we drop a perpendicular from one of the two 
lines containing it to the other line, any two sides of the triangle 
thus formed will always bear to one another a fixed proportion or 
ratio. By means ofihese ratios toe can represent an angle in a colcu- 
lotion whkh contains lit^ear dimensions. 
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There are &ix ratios which can be formed out of the ddes of a 
right*aDgled triangle. They are called Functions and are as follows : 



Perpendicular 
Hypotenuse 

Base 



AC 



-Tn^ Sine of the angle B. 
BC 



Hypotenuse AB 



= Cosine 



Perpendicular 
Base 



AC m 
g^= Tangent 



Base BC ^ . 

Perpendicular aC = ^**°«®''*^ 

Hypotenuse AB „ ^ 

■D "57T= Secant 

Base BC 

Hypotenuse AB ^ ^j^^^^^^ 
Perpendicular AC 

It should be very carefully noted that in right-angled triangles 
the side opposite the right angle is called the Hypotenuse and the 
remaining sides the base and perpendicular. Now in trigonometry 
the side opposite the angle which is being used in the solution of the 
triangle is catted the Perpendicular. 

Thus in Fig. 129 the side AC is the perpendicular with respect 
to the angle B, but with respect to the angle A, BC is the perpendi- 
cular and — 



Sine A (written sin] 

Cosine A {written cos] 

Tangent A {written tan] 

Cotangent A {written cot] 

Secant A {written sec] 

Cosecant A {written cosec] 



BC 
AB 

AC 
AB 

BC 
AC- 
AC 
BC 

AB 
AC 

AB 
Be 



It is important to bear this in mind as the beginner very often 
loses sight of it. The functions must, of course, be learnt by heart, 
but the following mnemonic will be of great assistance; — ^Peter 
Has I Been Here | Playing Milliards |. 
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M Taken in pairs and using the first letter of each word we get 
Peter Has, Perpendicular over Hypotenuse = sine : Been Here, 
Base over Hypotenuse = cosine : Playing Billiards, Perpendicular 
over Base = tangent. It will be seen that the cotangent, secant, 
and cosecant are the reciprocals of the tangent, cosine, and sine 
respectively. 

Before proceeding further let us first take note of the following 
facts: — 

(a) All three angles of a triangle together equal 180"*. 

{b) In a right-angled triangle the square on the hypotenuse is 

equal to the sum of the squares on the other two sides, 
(c) The complement of an angle is that which must be added 

to it in order to make a right angle. 
{d) The supplement of an angle is that which must be added 

to it in order to make two right angles. 

EoDafnple. 

The complement of 46® = 45® and the supplement = 136® 

26® 13' = 63® 47' „ = 163® 47' 

80® 10'= 9® 60' „ =99® 60' 

Referring again to Fig. 129 — 

AC . ^ 

1 AC . 

also -rvi = <^^ A 

. ' . sin B = cos A 

The sine of an angle = the cosine of its complement. 
„ tangent „ = „ cotangent „ 

„ secant „ = „ cosecant „ 

In a right-angled triangle, therefore, if one of the acute angles be 
known, the other, its complement, must be the difference between 
it and 90® ; and if any two angles of a triangle be known, the third 
must be 180 mintu their sum. 

The value of any function can be found if the number of degrees 
be known or the number of degrees can be ascertained if the function 
be known. For example, an angle may be described as such that 
its tangent is i. Now tangent means perpendicular divided by 
base, consequently the angle is such that the base is twice the 
length of the perpendicular. By plotting a triangle with a base 
twice as long as the perpendicular the angle is obtained whose 
tangent is J. With a protractor the angle would be found to 
contain about 26® 34'. But by means of Chambers' 'Mathe- 
matical Tables' we are able to find out the numerical values 
of the functions of angles. 

How to use the Tables of Functions of Angles.— Sines and 
Cosines.— On page 263 will be found columns headed ' Natural 
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Sines, Cosines, Chords, ftc' At the top of the page is 0^ and at 
the bottom 89^. On the extreme left is a column of minutes 
reading from to 60 downwards, and on the extreme right is a 
similar column reading upwards. It will be also noticed that the 
column headed 'Sine' is called 'Cosine' at the bottom and vice 
versa: and the number of degrees at the top is just one less 
than the complement of the number of degrees at the bottom 
of the page. 

What to the sine of 2r W ?— Look on the page headed 2^ 
and follow down the column of minutes until you come to 16 — 
the figures in the sine column against this number are 0395506. 
All the figures given are decimaJs, so a decimal point must be 
understood where it is not shown. 

.-. sin 2M6' = 00395605 

What to the cosine ? — Look down the column headed ' cosine,' 
using the same minute colunm, and the figures found are 
9992176. 

.-. cos 2** 16' = 0-9992176 

Note very carefuify that when the number of degrees appears at 
the top of the page the hft-hand minute column must be used^ and 
when the number of degrees a/ppears at the bottom of the page the right- 
hand minute column must be used, always. This is very important. 

What to the sine of 87" 44' ?— This time the number of degrees 
appears at the bottom of the page (as do all the numbers from 
45^ to 90°) so that we must use the right-hand minute column. 

.-. sin 87° 44' = 0-9992176 

What to the eoslne ? Look up the column marked cosine and 
using the same minute column — ^that is, the right-hand one — ^we 
findthatr- 

cos 87° 44' = 0-0395605 

It will be seen from this that the sine of an angle = the cosine of 
its complement, for 87° 44' is the complement of 2° 16'. By printing 
the work so as to read from the top and the bottom, the publisher 
th^eby saves space. 

Tangents, Cotangents, Secants, and Coseeants.— These are more 
simple to read. The tables follow immediately after those just 
considered — namely, sines and cosines. 

Example. 

tan 40° 3' = 0-8405878 

cot 49° 9' = 0-8647009 

sec 73° 4' = 3-5594042 

cosec 13° 4' = 4-2273373 

In ordinary work it is not usually necessary to read an angle 
more precisely than to the nearest minute, but if it is required to 
read to seconds, the method of finding out the logarithmic functions 
is shown on page zxii in the Tables. 

l2 
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Solatton of Rlght-Ani^ed TrtenglM 

BmjE I. — // tiU kngih of a aide be required, jilace this side over 
one ^uhich t&e length is known, and skUe what function ii makes. 

ixample. — Solve the triangle ABC (Fig. 130), when the angle 
C = 90^ A = 32^ 32', and AC = 40 feet. 

Find the length of EC first. There- 
fore, place BC over AC whose length 
is known and state the function it 
makes. BC is the perpendicular (A 
being the angle in question, or that 
which we are using in the solution) 
and AC is the base. 

Perpendicular -r Base = tangent 

... S=<»n 32° 32' 

.-. BC =tan 32^ 32' X AC 
= tan 32° 32' x 40 
Now look in the tables for the numerical value of tan 32° 32'. 
It is 0*8378885. 

. • . BC = 0-6378886 x 40 
.-. BC=r 25-61664 




= sec 32° 32' 



Now find AB. 

AB 
AC 

. • . AB = 40 x sec 32° 32* 
. • . AB = 40 X 11861289 
.-. AB = 47-445166 

The angle B must, of course, be 90° — 32° 32' == 57° 28'. 

The three unknown parts have thus been found and the triangle 
solved. 

Bulb II. — If an acute angle be required and the other be not 
known, form a mdgar fraction with the tux) 
given sides and state, as an equation, what 
function it represents. 

Solve the triangle ABC (Fig. 131) 
when C ;= 90°andBC = 40 and AC ^ 30. 

lP = tanA 
AC 

40 . A 
== tan A 
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Look in the tables of natural tangents for these figures, and 
note what angle it represents. The figures are given in numerical 
order and the nearest to 1*3333333 is 1-3334900 which is against the 
angle 63° 8'. 

.'. the angle A»r63°8' 
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Now find the side AB. 



AB 



== sec 63** 8' 



AC 

. • . AB = 30 X sec 63** 8' 
. • . AB = 30 X 1-6867920 
. • . AB = 60 

Of course the side AB can be found by the rule of Euclid (1. 47), 
which states that the square on the hypotenuse = the sum of the 
squares on the other two sides. 

AB« = BO + AO 
. • . AB« = 1600 + 900 
.-. AB« = 2600 
.-. AB =>/2600 
.-. AB =60 

The application of the above two rules, for the solution of right- 
angled triangles has many practical uses such as where the difference 
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of level between two spots is required when using the theodolite ; 
for finding the height of buildings, trees, hills, Ac. ; for ascertaining 
the difference of latitude or longitude between two spots; and 
many other cases. 

It is an excellent plan alwajrs to draw a figure as near as may 
be to the work in hand, before beginning its solution. 

The following examples will serve to show the method of solving 
simple problems. 

1. At a distance of 260 feet from a building the angle of elevation 
is found to be 38^ 46'. The groimd is level between the building 
and the observer, and the hei^t of the eye may be taken as 6 feet. 
Find the height of the building. (Fig. 132.) 

Let BC represent the buildmg whose height is required. AB is 
260 feet measured on the ground which is level from the base of 
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the building, DE is therefore a level line 5 feet above the groimd 
level. EDO is the angle of elevation == 38"" 46'. 

Find CE. 

-^ = tan38^46' 

. • . CE = 260 X 0-8030632 
. • . CE = 200-7668 feet 

To this add the height of the observer's eye. 

.-. The height of the building = 205'165S feet 

(a) If the ground is not level as in Fig. 133 it is necessary to find 

D 




Tia. 133. 

the difference in level between A and B. Then if the slope AB 
be measured the horizontal distance AF can be calculated (AF* = 
AB* — FB*). From the horizontal distance AF the triangle may 
be solved and DE found. EB must be added to DE for the required 
height. 

(b) Fig. 134 represents a section over hilly ground, the dimen- 
sions and angles being as shown. The point A is 800 feet above 
sea level calculate the level of the point E, and the horizontal 
distance from A to S. 




In solving problems of this sort it is important to tabulate the 
work, as by doing so it will not only make the actual working easier 
and quicker, but also give a more clear and concise result. 

Fig. 136 shows the tabulated solution. 
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Btoticm 


SqvAtion 


WorUog 


Biae 


laU 


DlataDtie 


H,A.B. 


Total 
BisUnot 


A 












800-00 







^«0O.32O3' 


0-5306591 

490 

212 2636400 

47 7593190 

260-0229590 




26002 


415-31 






0-8475853 

490 

3390341:&UO 

76 2826770 

41O-3167970 


B 












639-98 


415-31 




^-■m24«6' 
g-oos24«6' 


0-4083306 

345 

1224991500 

163332200 

20416625 

140-8740226 

0-9128342 

345 

273 8602600 

365133680 

4 5641710 

314-9277990 


140-87 




814-92 






C 












680-85 


730-23 




^ = Bin 35^ 4' 
CD 

g«co.350 4' 


0-5745292 
325 

1723587600 

114905840 

2 8726460 

186-7219000 

0'81i»4Ml 

325 

245 5452300 

16 3696820 

40924205 

266-0073325 




186-72 


266-01 






D 












494-13 


996-24 




g = .in 34 041' 
g = 00. 34-41' 


0-5690403 

440 

227 6161200 

22 7616120 

260-3777320 

0-8321155 
440 


250-38 




366-13 






332 8462000 
332846200 

■366I3O82OO 


B 


1 








744-51 


1362-37 



Fro. 135. 
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The point is, therefore/ 744*51 feet above sea level and 55*49 feet 
lower than A. The horizontal distance from A to E is 1362*37 feet. 
Loi^tliBiIe Fnnetions of Angles.-— By using logs and logarithmio 
functions of angles the work is shortened. So far we have learnt to 
solve right-angled triangles without logs and have consequently 
used neural functions ; but if we use logs we must also use 
logarithmic functions. The logarithmic functions will be found on 
page 203 and following pages. These tables are read in precisely 
the same way and ii is only neeesBcary to deduct 10 from the figures 
aduaUy found and the remainder is the actual log required. 
Xxample. 

The log sin of S"" 14' == 9*1550574 — 10 
= 1*1550574 
log tan 57'' 20' = 0*1030286 

Ten has been added to all the figures in these tables, as can be 
easily seen if you look out the natural sine of any number of degrees 
and then find the log of the figures so obtained. 

Hie use of logs In solving right-angled triangles.— Solve the 
right-angled triangle ABC (Fig. 136), the dimensions being as shown. 




BC 
AC 



= tan 34« 31' 



.*. BC = 134-62 X tan 34^ 31' 

log 134*62 = 21201096 ) , , 
log tan 84** 31' = 1*8374049 ) *™ 

1*9665145 
next lower = 1*9665125 ^ 92579 

.-. BC = 92*579 

AB 

j^ = sec 34** 31' 

•. AB = 134*62 X sec 34^ 31' 



log 134*62 = 
log sec 34^' 31' = 

next lower = 



21291096 
0*0840931 



add 



2*2132027 
2*2131989 =r 16338 



27 = 1 



AB == 163*381 



In working out the above example both the functions required 
should be looked out at tiie same time, as they are on the same page. 
This should be done before doing the additions and looking out the 
next lower : it will save time. 
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Solution of Sealene THangles 

Rather more work is entailed by the method of solving scalene 
triangles, because the sides do not represent, nor are they propor- 
tional to, the functions of the angles. It is, however, merely a 
question of remembering formul», for the method of using the 
tables is exactly the same as already described. Before proceeding 
further we must consider how we are to find the values of functions 
of angles which contain more than 90^, but less than 180^, as we 
shall obviously often have angles greater than 90^ in scalene 
triangles, which are triangles having three unequal sides and may 
be of any shape. 

To find the sine of an angle between 90"^ and 180^— Look in the 
tables for the sine of its supplement (i.e. 180° — the angle). This 
will be the sine of the angle. 

Examine. Sin ISO"" = 0*7680444 

To find the eosine of an angle between 90"^ and 180^— Look in 
the tables for the cosine of its supplement. Place a minus sign 
before the figures given and this negative quantity will be the 
cosine of the angle. 

Example. Cos ISO"" = — 0*6427876 

To find the tangent of an angle between 90° and 180°.— Look in 
the tables for the tangent of its supplement. Place a minus sign 
before the figures given and this negative quantity will be the 
tangent of the angle. 

Exampk. Tan 130° = - 11917636 

To find the eotangent, seeant, and eoseeant of an angle between 
90° and 180°. — ^Do so by the same rules as those just given for 
tangent, cosine, and sine respectively. 

For the solution of scalene triangles three distinct cases must 
be considered. The formtda for each case depends upon the 
information given. 

The three cases are : — 

I. When the given parts are anything except those mentioned 
in cases U and m. 
n. When the only known parts are two sides, and the angle 

included by those two sides, 
in. When the only given parts are the three sides. 

The first case is by far the most usual in trigonometrical sur- 
veying, the others generally being used only in solving problems 
connected with inaccessible distances. In any triangle the sine of 
any one angle divided by the side opposite that ax^e equals the 
sine of either of the other angles divided by the side opposite to it. 
The formula expressed in letters is as follows : — 

sin A sin B sin C 
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In the triangle ABC (Fig. 137) the big letters denote the angles 

and the little letters denote the sides opposite. Thus b denotes 

the side AC, a denotes the side BC, and c denotes the side AB. 

In using this formula we select from it such two parts of it as 

will contain only one unknown quantity. 

This unknown quantity must be brought to 

the left of the equation and the given 

parts to the right. The following examples 

will make the solution quite clear. 

Solve the triangle ABC (Fig. 138), 
Fw. 137. the given parts being A = 72^ 10', B= 

63*" 14', and a = 30 chains, 
(a) WUhouiiheuseofloga. 
The angle C must equal 180^* - (72* 10' + 63* 14') = 44* 36'. 

If we select from the formula s= — r — we shall have only 

a 

one unknown part— namely, 6. Multiply these across and we get — 
&sin A = asinB 




chatnB 




Via. 138. 

We want only the unknown part on the left, therefore divide by 
sin A and we get — 

"" sinA 
, 30 X sin 63* 14' ,, , ^.^ ^ , 

• ' • * "^ — Bin 72* 10' ^^y substitution) 

^ 30x0-8928480 



b 



0*9619514 
26-78544 



0-9519514 
b = 28-13 
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Now find the side e. 

Bin C _ flin B 



c am B = 6 sin C (by cross multiplioation) 

.• . c = . ^ (by dividing both sides by sin B) 
2813 X sin 44<' 36' 



• • 






sin 63° 14' 
2813 X 0-7021631 



•'•*'" 0-8928480 
.-. C = 22-12 

(b) With the use cf logs. — ^It -will be noticed that, when using 
logs in this case, it is not necessary to deduct 10 from the log sin 
when looking it out in the tables, because it is invariably both 
added and subtracted in the working, and consequently disappears. 
In aU other catea however, excejtt Bute 1, the 10 tntut be deducted. 
In ord'ir to prevent confusion we indicate a logarithmic function, 
which has not had the 10 deducted, by a capital L (e.g. L sin A). 
If the 10 has heea deducted we write 'log sin A.* The same 
example is worked out with the aid of logs thus : — 

To find 6. 

, a sin B 

sm A 
. * . log & = log a + ■2' Bin B — JD sin A 

log a = 1-4771213 
L sin B= 9-9507776 

11-4278988 
£ sin A = 9-9788148 



log 6 = 1-4492840 
Next lower = 1-4492778 = 28137 = 6 



To find e. 



_ fcsinC 
*'~ mniB 

,*. logc= log&+-£'BinC — JDsinB 

log b « 1-4492778 
JD sin C = 9-8464318 

11-2967096 
JD sin B = 9-9607775 



log c = 1-3449321 
Next lower = 1-3449226 => 22127 » c 



leo 
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Casx n. — ^A different fonnula is reqaired in this case, as it will 
be seen that it is impossible to form an equation with only one 
unknown from the foregoing formula, when the only information 
given is the two sides and the included angle. 

FOBMUUl. 

Tan of the smaller of the two unknown angles 

(shorter side) x (sin of given angle) 

~~ (longer side) + (shorter side x cos of given angle) 

When the given angle is under W the sign in the denominator 
is minus, and when over W the sign in the 
denominator is jrfti^ (the cos of the supplement 
being used). 

^e smaller of the two unknown angles is, of 

course, opposite to the shorter side. The 

following examples will make the solution clear. 

Solve the triangle ABC (Fig. 130), the given 

parts being — 

AB = 20 chains, 
AC :== 40 chains, 
and the angle A = llO"" 10'. 

(a) Without the use of legs. 
Let A = the included angle. 
h == the longer given side. 
_. c = the fihorter given side. 

C = the smaller of the two unknown angles. 




The formula =: tan C = 



c sin A 

6 + c cos A 

20 X sin 110^ 10' 



40 + (20X008 110" 10*) 


20 X 0-9386938 


40 + (20 X 0-34417621) 


18-7738760 



"46-8950420 
=» 0-4003381 
C = 21*49' 



The rest of the triangle may be solved by the fomola ina Case I. 
B >s 180 - (110» 10* + 21' «*) = 48"» 1' 
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To find a. ain A .J_ BJnC 

.*. aainGs csinA 

c sinA 
sinC 



a = 



20 X sin 110° 10 ^ 
■" Bin 21^49' 

20 X 0-9386938 
^ 0-3716379 

18-7738760 
~ 0-3716379 

.-. a = 60-61 

SiOuiim: = 21'' 49' 
B = 48M' 
a = 60-51 chains. 

(6) WUh the use of logs. — ^It is, of course, a great saving of 
time to use logs, and the only reason that an example is worked 
out without the use of logs is to benefit those who have not had 
the time to study the preceding chapter. It is of the greatest 
importance that the manner in which the following example is 
worked out should be implicitly followed. If tiiis is done there 
will be no difficulty in aniving at a correct solution. 

The same example is worked out with the aid of logs thus : — 

TanC= ^"^^ 



b + c cos A 
Start the work with c gob A in the denomincOor. 

log c= 1-3010300 1 ,, 
logcoe A = 1-6376070 S^^ 

e COB A =0-8386370 
Next lower = 0-8386343 = 6896 



Having found the value of c cos A = 6*896, add to it 6, and so 
have done with the whole of the denominator. 

6»40 
coobAss 6-896 



6 + coos A » 46-806 
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Now work out the numerator. 

lege = 1-3010300 I ^^ 
log BinA« 19725239 ) 
.'. logo Bin A = 1-2735539 

The Talae of the numerator is now obtained. From this must 
be deducted the denominator, but the denominator (46*895) must 
first be turned into a log, in order to enable us to deduct it from 
the numerator which is a log. 

log c sin A = 1-2735539 7 ^u^h^x 
log (6 +CCOS A) ==r log 46-895 = 1-6711265 j ^^^^^^ 

1-6024274 



Now look in the tables in the tangent column for the nearest 
to 1-6024274, which is 96023953 = 21'' 49'. 

• ^ (5 --- 21° 49' 
And ' * B = 180 - (110*^ 10' + 2^49') 

= 48M' 

The rest may be solved by Rule I. 

csinA 
smC 

c sin A is abeady worked out. 

log c sin A =1-2735539 7 ,^ , 
logsinC= T-5701200 {"^^^^^ 

1*7034339 
Next lower = 1*7034290 = 50-616 



.*. a = 50-516 
SohUion: C = 21'' 49'; B = 48M'; a = 50-61 chains 

Cass III. — ^When the three sides are given. This is seldom 
required in practice, as one would not measure three sides of a 
triangle for the purpose of finding out the angles. Angles are 
measured with an mstrument to avoid having to measure the sides, 
as inaccuracy is bound to creep in when long lines have to be 
chained. 



Pormula = Tant= a/ (^7^X^70 
where a, 6, c are the three sides, and s = half their sum. 
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Solve the triangle ABC (Fig. 140), the given parts being as 
shown. 




Ito. 140. 



(a) Without the use of logs. 



Tan 






(3 8-18)(38-23) 
38(38-36) 



20x16 
38 X 3 < 



114 
= V''2^M6 
= 1-62222 

... ^ = 68*' 21'. 
.-.A =116^42'. 
The rest of the triangle may be solved by the formula for Case I. 

To find C. 



c. 




sin A 
a 


sinC 
e 






• 
• • 


asinC 


= cmn A 






• 


•. BinC 


_C8inA 
a 






» 


-. sinC 
.-. C 


23 X 0-8933714 
36 

= 0-6870726 

=«36»67', 




onAB^ 


180 


-(116"» 


42' + 36» 67') = 27" 


21' 
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at) With the ute of 109$. 

Tan ^ = ./ ^nns 

2 V 88x3 

log 20 » 1-3010300 log 38 = 1*6797836 

log 15 = 11760913 log 3=0-4771213 

2-477l213| Bubteaot 2-0669049 

2-0569049 ) 
2 )0-4202164 (divide by 2 to obtain sqaace root) 
0-2101082 

. -.log tan A B 0-2101082 

.-. 4=««8»21' 
.-. A == 116' 42' 



To find B. 



sin A 
a 


cdnB 

^ h 


aainB 


= 6 sin A 


•. BinB 


bmnA 


logb 
Lain A 


^ 1*2652726 
== 0'9610320 


log a 


11-2063045 
= 1-5440680 



9-6622365 = 27* 21' = 3 



Sohabm: 



A = 116*42' 
B = 27* 21' 
C = 36*»5r 



The foregoing notes will be sufficient to enable the surveyor to 
solve any ordinary problem that he is Ukely to meet with. It is 
much better to make use of trigonometry for the solution of the 
difficulties presented in CShapter II, such as chaining across a wide 
river, surveying a wood or lake, Ac. 

For fini£ng the inaccessible heights, such as shown in Fig. 141, 
proceed as follows : — 

Measure the distance AB on the ground. Set up the theodolite 
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at and take the angle of elevation EOF. Again set up the 
theodolite at B and take the angle of elevation EDF. We have 
now sufficient data to find EF. In the triangle ECD we know the 
two angles ECD and EDO (EDO = 180** — EDF) and CD which 
is equal to AB. By the formula for Case I we are able to find 



Wall 
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out ED. We now have sufficient parts to solve the right-angled 
triangle EDF— namely, the angles D and F and the side ED. 
To EF must be added AC for total height. 

The Caleulation of Areas. — (a) WJien Uvo sides and the included 
angle of a triangle are given. 
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Area = 



o&sinC 



(ft) Tf Aen one side and (he adjacent angles of a triangle are given. 

a* sin B sin C 



Area = 



2 sin (B + C) 



CHAPTER EC 



THB BOX SBXTAin? 



The Box Sextant is a circular brass box, about 3 inches in diameter 
and 1} inches deep. Fig. 144 shows the instrument with the cover 
removed and ready for use. 

The instrument is fitted with a cover which, when taken off, is 
screwed to the bottom of the box, thus making it easier to hold. 

T is a telescope for long-distance sights, but it may be dispensed 
with, and the small eye-hole, where the telescope fits the box, may 
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be used instead. A is an Index arm, with a vernier, V, attached 
at the end. B is the graduated arc which is 70^ in extent, 
but numbered up to 1&°, as will be explained later. C is 
the milled-head screw which moves the index arm and the index 
mirror within the box. E is a magnifying glass to enable the vernier, 
which reads to minutes, to be seen distinctly. D is a key screwed 
into the top of the box ; it is detachable and used for adjusting the 
instrument. Dark glasses are fitted within the box : they may be 
interposed between the eye and the sun, when observation to the 
latter is required to be made. Two mirrors are placed within the 
box, the index glass which is attached to the index arm, and moves 
simultaneously with it ; and the horizon glass which is fixed and 
has only its upper haU silvered. 

The Prinolple of the Box Sextant— The box sextant is a reflecting 
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instrument similar to the optical square and apomecometer, which 
have been already described. It is consequently governed by the 
same laws. The principle of all reflecting instruments is that, 
' If there are two plane mirrors whose reflecting surfaces make a given 
angle with each ciher, and a ray of Ughty in a plane perpendicular to 
ihe planes of both mirrors^ is reflected from both successively, its 
direction after the second reflection, makes with its original direction 
an angle which is twice the angle made by the mirrors with each other,* 
As the angle measured between the two mirrors is equal to half 
the actual angle between the two objects, the arc of TO"" is divided 
into 140^ 

Holding the instrument in the left hand, the left-hand object X 
(see Fig. 145) is observed by direct vision throu^^ the lower half of 
the horizon glass. Turn the milled-head screw C (Fig. 144) and so 
move the index glass until the other object Y is seen reflected, 
from the index glass, 

in the upper half of Y^l 

the horizon glass, ex- 
actly coincident with 
X. Then the angle 
lEH is double the 
angle lAH. Hence 
the graduation of the 
arc as explained. The 
right hand should be 
manipulated in such a 
way that the arm does 
not cover the opening 
in the side of the box 
and so prevent the re- 
flection of the object Y. 

Index Error. — When the two mirrors are parallel to each other 
the vernier ought to read 0. The index error should be noted 
before measuring angles. It will be seen that the graduations of the 
arc continue to the left of 0. This portion is called the ' arc of 
excess.* If the error is on this side of 0, it is called index error off, 
and it is obvious that angles read in this case will be too small ; 
if the error is to the right of it is called index error on, and angles 
read in this case will 1^ too large. Accordingly the index error off 
is to be added, and the index error on is to be subtracted. 

Adjustment. — ^Now when the instrument is in adjustment both 
mirrors are at right angles to the top of the box and parallcd to 
each other when the vernier reads 0. 

The index glass is permanently fixed by the maker, but the 
horizon glass is adjusted thus :---Set the reading exactly to 
and observe some well-defined object over half a mile distant. If 
the instrument is in adjustment, the object observed and its reflected 
image will exactly coincide. But if the instrument is out of adjust- 
ment they will appear separated. They may appear separated 
thus I, or thus, oo or thus ^. Supposing they are separated both 

m2 
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horizontftDy and TertieAUy (o""). Unscrew the key D which is 
attached to the instrument as shown in Fig. 144 and fit it to the 
square head on the top of the box and bring the object and ite 
image level with one another, thus <>•. Now to make the object 
and image coincide apply the key to the square head at side of the 
box. The instrument has then been adjusted. It is important 
that the object should be fully half a mile away when making this 
adjustment. The sun may be observed for the purpose. 

Its use. — ^The box sextant is very useful for the approximate 
measurement of angles, both horizontally and vertically. It is 
best employed as an aid to a chain survey and instead of checldng 
each triangle by measuring a tie line. Surveys made with it, 
when triangles are not used, are only approximately accurate. 

Disadvantages of the Box Sextant— 1. As the arc of TO"" is 
divided into 140^ any error of observation is doubled. 

2. In measuring angles when the two objects are not on a level 
with the eye, the oblique angle is obtained which must be reduced 
to its horizontal projection by the proper formula before it is 
made use of. 

3. Angles greater than 110^ cannot be observed with it, as 
the angle of incidence is too great to allow proper reflection. 
This difficulty may be overcome, however, by interposing an inter- 
mediate object and dividing the angle into two smaller ones. 

4. Parallax. The more distant the object sighted to the less 
is the error due to parallax. It will minimise the error if the more 
distant object is sighted to by reflection. If both objects are near, 
it is better to take some point which is in line with one of them 
at a distance away, and to observe this point by reflection and 
the near object by direct vision. 

Method of plotting a small survey made with the aid of the 
box sextant. — ^A small area will suffice to show the best way of 
plotting angles with the protractor. Fig. 146 is the survey of a 
small enclosure wherein it was found impossible to run diagonal 
lines to form a base for triangulation. The sides were measured 
with ihe chidn and the included angles with the box sextant. The 
sum of the angles taken should be equal to twice as many right 
angles as the figure has sides minus four right angles : this fact 
enables us to check the result of our observations. 

AB is the base line. We must first obtain the bearings of the 
rest of the lines from the base line. To do this add together aU 
the interior angles. 

The interior angle at A = 86"" 30' = the bearing of AD 
Add „ „ D = 94° 30' 



Add 


f> 


» 


c = 


181"" 

= 74« 


00' = 
30' 


99 


)> 


DC 


Add 


19 


>> 


B = 


265» 
= 104» 


30* = 
30' 


»» 


l> 


CB 



380° 00' 
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Now place the protractor (shown in Fig. 66, Chapter IV) on 
the paper so that the point A is its centre, and by means of the 
arm prick off the bearings as shown. Hie protractor can now 
be taken off. By adopting this method the protracting of each 
angle separately is avoided and consequently the error in any one 
angle is not carried through the rest of the work : also the marking 
of the paper through placing the pointed feet of the protractor 
upon it in several places is similarly prevented. 



6"" 




Now draw the line AB with the scale selected for the plot to 
its measured length. Next draw AD similarly and bearing 86^ 30^ 
Now draw DC with the parallel rule parallel to AE and mark off 
the point C with the scale according to its length, and lastly CB 
parallel to AF. The work is checked by CB closing on the point B 
if the measurements have all been correctly made. 

If when adding the interior angles together they sum to more 
than 3W, then subtract SW. 



CHAPTER X 



THB FLAKS TABLE 



Thb Plane Table is a simple instrument, which is chiefly useful for 
filling in the detail of a survey, but also for making original surveys. 
It consists of a drawing board which is generally 23' x 16', 
though larger sizes are obtainable, mounted on a tripod in such a 
way that it may be turned horizontally, levelled, set in any 
direction and clamped. In addition a trough compass, a spirit level, 
a sight rule or alidade, a sheet of drawing paper, pins, pencil, india- 
rubber, and plotting scale are required for its use. 

Fig. 147 shows a plane table with sliding adjustable tripod, 
revolving motion, fitted with clamped board size 23' X 16' ; brass 
alidade 18', A, with divided edge and removable sights ; tele- 
scope with level and graduated arc ; trough compass B ; and 
spirit level C. 

It is not necessary that the alidade should be fitted with a tele- 
scope as shown in Fig. 147, but it is very useful for plotting in detail 
by single rays observed to a staff with stadia points, as explained 
in the chapter on Tacheometry. In the following notes the use of 
the telescope is dispensed with, an ordinary sight vane only being 
used. 

The use of the Plane Table.— When starting a survey with the 
Plane Table and no fixed points have already been determined it is 
first necessary to measure a base line. Tins base line should be 
about the centre of the survey, and the longer the better within 
reason. It shoidd be as nearly horizontal as possible. Set up the 
table over one end of this base line firmly upon its tripod ; cut a 
sheet of drawing paper so as to have an overlap of about 2 inches 
all round the table ; damp the paj)er, turn down the edges and 
fasten them underneath the board with pins. Now carefully level 
the table by means of the spirit level. Draw a line on the paper 
to scale to represent the base line on the ground. Place the sight 
rule against this line and turn the table until the sights come on 
to the other end of the base. Now clamp the table. Thus the line 
drawn between the two stations on the table is parallel to the line 
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between the stations on the ground. This is called orienting the 
table and is the most important point to be observed in Plane 
Table surveying, so as to secure accuracy. When the table has been 
oriented, the compass should be placed in one comer of the table 
and turned until the needle is pointing north. It is convenient to 
draw a pencil line round the box to mark the position of the compass 
for future reference. It should be noted that the point on the table 
which represents the station and not the centre of the table should 
be over the station on the ground. The table may be placed in the 
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required position near enough by dropping a stone from the corre- 
sponding point beneath the table, or by using a plummet. 

We are now ready for fixing points by intersection. (See 
Fig. 148.) AB is the base line and ab the base line on paper. 
Place a pin in the table at A, hold the sight rule against the pin 
and pivot it until it is directed on to the station C. Now draw a 
ray idong the edge of the sight rule as shown. Do the same for the 
rest of the stations D, E, F. These rays give the direction of the 
stations C, D, E, F from A. Now move the table and set it up at 
the other end of the base B. Carefully orient it and draw rays from 
6 to all the stations as before. The intersections of these rays give 
the exact position to scale of the stations C, D, E, F. No important 
station should be intersected from the base if it is at a much greater 
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distance from either end than the length of the base ; nor if it lies 
much outside of a perpendicular to the base at either end of it. As 
in ordinary chain surveying, the triangles should be as well con- 
ditioned as possible, l^e table may now be shifted to another 
well-fixed station and the same process gone through until the survey 
is completed. 

Checking the work. — ^The work should be frequently checked by 
sighting on to preceding stations from say every third station. 
Further checks may be made by measuring the distance between 
two stations on the ground and comparing it with the plotted 
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distance on the plan ; and by setting up the table at any station 
and sighting on to other stations. 

To eontinue the survey on a fresh sheet— The following note 
has been taken from ' Hints to Travellers ' published by the Royal 
Geographical Society. Draw a line through the farthest point 
fixed from the last station. Take the sheet off the table and fix 
another on, drawing a line upon it in a part most convenient for 
the work ; then cut the sheet just taken off, by the line drawn on 
it. Apply this edge to the line on the new sheet, and as they lie 
in that position continue the lines from the other sheet on the new 
paper, and prick through the positions of as many stations that 
have been fixed on the old sheet as you conveniently can. If the 
positions of three fixed points are transferred to the new sheet, 
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the place of a new station can be found. On each new sheet the 
magnetic N. and S. line should be drawn. 

To ' set ' a plane table.— By this is meant placing the table in 
such a position that the plan on the board coincides with the ground 
it represents. There are several ways of doing this. 

(a) When the spot is marked on the plan, choose any distant 
point which can be identified in Nature and which is also shown 
on the plan. Now place the alidade along a line which joins the 
position of the obsejrver and the spot shown on the plan. Turn 
the board until the same spot in Nature is observed in alignment. 
(See Fig. 149.) This is a very useful method of checkii^ maps 
in the field. Having thus ' set ' the table, all the other salient 
points can be sighted off in a similar manner and their positions 
checked. 
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(6) When it is impossible to identify the spot on the plan, place 
the magnetic compass on the board in the rectangular space and 
turn the board until the compass points N. The table can now 
be set by resection on any two fixed points. 

Examjjle. — A and B (Fig. 150) are two points in Nature which 
can be identified, and which are represented on the plan by a 
and b. X is the unknown point which is required to be fixed. 
First set the table as explained, by means of the compass, and 
then clamp it. Put a pin in the board at a, place the alidade 
against the pin and pivot it until it is aligned on to A in Nature. 
Having obtained exact alignment draw a line along the edge of 
the alidade backwards to the observer. Now put the pin in at 6, 
sight on to B as before, and draw a line along the edge of the alidade 
backwards to the observer. Where these lines intersect is the 
position of X. It is usual in cases of importance to check this 
position by using a third point. The line drawn from the third 
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point should also pass through X, if it does not it wiH fonn wh*t 
is termed a triangle of error. When there is a triangle of error it 
is generally due to incorrect orientation of the table, unless the 
positions of the points chosen have been incorrectly determined. 
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When a compass Is not available the usual methods of 
determining one's position ara— 

(a) By AdjusimefU. — When using this method three points 
shown on the plan must be capable of identification in Nature. 
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It is also necessary that the three points chosen should not be on 
the circumference of the circle passing through the position of the 
observer ; or in other words the middle point selected should be 
the nearest. 
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Set up the table and pin a piece of tracing paper firmly on to 
the board. Pat in & pin ftt any convenient point X (Fig. 151). 
NosT draw lineB from A to the three fixed points A, B, C. It will 
be seen that we have now practically plotted the two angles AXB, 
BXC, so that, having removed the tracing paper and applied it to 
the plan, we can fix the point X by moving the tracing about 
until the lines XA, XB, XC pass through the points a, 6, c on the 
sketch. 

Now if we place the alidade along any one of the lines xa, xb, xc, 
and turn the table until it is aligned on to the point chosen, we can 
' set ' the table. 

A station pointer may be used instead of tracing-paper and 
plotting. The station pointer consists of a circular protractor 
(Fig. 152) numbered from O'' to ISO"" each way, and having three 
arms, one of which is fixed. When using it the two movable 
arms are sighted to the points selected and set to the angles required. 
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The instrument is then moved over the points on the map until 
the arms pass through them. The centre of the circle marks the 
observer's position. 

(b) By the Three-poitU Problem, which is the method of fixing 
the position of an unknown point from three known points. A, B, C 
are the three known points. Set up the table at the point whose 
position is required. Lay the sight rule along ba (Fig. 153) and 
turn the table until aligned on to A. (Samp the table, place the 
iJidade at b, sight on to C and draw the line bd. 

Unclamp the table. Lay the alidade along ab and turn the table 
until aliped on to B (Fig. 154). Clamp the table, place the alidade 
at a, sight on to C and <&aw the line afC cutting bd iae; and from 
c through 6 draw the line ceg. Unclamp the table. Lay the sight 
rule fiJong the line ceg and turn the table until aligned on to C 
(I^. 155). Qamp, and the table is * set.' 

To find the position of X, place the alidade at a and sight on to 
A, then draw the line AaX until it cuts the line ceg. The point of 
intersection is the required spot. Oieck the work by drawing BbX, 
in a similar manner. 
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The problem may be solved geometrically in the following 
manner (Fig. 166) : — 

Join AB. Make the angle BAE equal to the angle ADB. 
Draw AF at right angles to AE. Bisect AB at H. Draw HK at 
right angles to AB meeting AF at K. Yfitii centre K and radius 
KA describe the circle ABD. Now D may be anywhere on the 
arc ADB, and the angle ADB will be the same. Join BC. Make 
the angle BCL equal to the angle BDC. Draw CM at right angles 





to CL. Bisect BC at N. Draw NO at right angles to BC, meeting 
CM at O. Then with centre O and radius OC describe the circle 
BDC, and the point at which the two circles cut one another will 
be the required point D. 

It will be seen that the point D is indeterminate when C is on 
the circumference of the circle ABD, that is to say, when the three 
known points and also the unknown point are on the circumference 
of a circle. 
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The chords AB and BC subtend equal angles at any point on 
the same arc— Euclid, III. 21. (See I^. 157.) 

Traversing with the Plane Table.— This may be done in two 
WB,JB : (1) With the compass ; (2) By back and forward tbjb. 
When Method 1 is adopted the table is ' set ' at each station by the 
compass. 

Example. — ^ABCDE represents a road through closed country 
(Fig. 158). The table is set up at A and oriented. AB is measured 
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on the ground and drawn to scale on the paper : offsets are taken 
when required and also laid down to scale. The table is then trans- 
ferred to B. At B it is again set up and oriented and the work 
proceeds as before. This method is most usual when the country 
is not open. 

MeAod 2 is beet for open country, though the two may be 
combined with more satisfactory results. Checks are obtained by 
sighting on to distant objects from time to time. W^en traver- 
sing by back and forward rays, however, any error which is made 
in the first direction will increase considerably as the work pro- 
ceeds, with every subsequent direction. By the compass method 
this is not the case as the error is just the same at the end as it 
was when first made. 

To traverse by back and forward tb,jb the table is set up at A 
(Fig. 168), AB is measured and drawn to scale on tilie paper, and 
the detail is sketched in by means of offsets perpendicular to the 
forward ray. The table is then transferred to B and turned until 
the alidade is aligned on to A the back station. It is then clamped 
and the table is set by the back ray. Now direct the alidade on 
to station C, draw in the forward ray, and proceed as before. Any 
more distant object which it is required to show on the plan can 
be fixed by means of intersecting rays from two or three stations. 

Single rays wiU suffice to fix points near the station. The alidade 
is aligned on to the object to be shown, a ray is shot off along its 
edge, measured on the grotmd, and drawn in to scale on the paper. 
Further notes on traversing are given in Chapter XII. 
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THI THBODOLFTS 

Whbn surveying land covered with buildings or woods, ftc., to 
suoh an extent that check lines cannot be measured, it is necessary 
to measure angles. Angles are measured in survejring for two 
purposes : (1) To fix the direction of survey lines already measured ; 
(2) To calculate by trigonometry the lengths of lines. The taking 
of the angles shoidd be done after the chaining is finished. P^gs 
are inserted in the ground where the survejring poles stood whidi 

marked the stations and 
the theodolite is set up over 
these station pegs, the 
angles are read and entered 
in the field book as shown 
in Fig. 169. 

To understand the theo- 
dolite practical instruction 
is essential, and this chapter 
can only be of value if 
read after a certain amount 
of practical experience in 
the manipulation of the 
instrument. 
Fig. 160 shows Messrs. Thornton's ' Ardley ' Transit theodohte 
on its tripod stand. It is fitted with a dial compass ; pierced 
illuminated axis lantern ; striding bubble ; improved locking plates 
and three-screw adjustment, with shifting centre. The vernier 
reads to one minute. A 6-inch theodolite with 9^inch telescope 
and tripod stand, of similar pattern, costs about £32. It can be 
fitted with any of the diaphrf^^ms shown in Fig. 96, Chapter VI. 

Instruments are called according to the diameter of tiieir hori- 
zontal limbs. Thus a 6-inch theodohte is one which has a horizontal 
circle of 6 inches in diameter. 

Description, — AB is a telescope which consists of two tubes one 
sliding inside the other. At the A end is the cbjeei gkus^ which 
inverts the image of the object observed, and at the B end is the 
eye-piece which magnifies the inverted image ; G is the bubble 
tube fixed to the telescope by the capstannsKsrews through which 
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it may be set parallel to the line of coUimation ; D is the horizontal 
or transit axis ; E and F are the supports which are of such a height 
that the telescope may turn completely round on its axis or as it 
is called, * transit ' ; 6 
is the vertical circle or *^ 
limb or face, and H 
and I are microscopes 
for reading the vernier ; 
J is the compass ; K is 
the upper or vernier 
plate and L the lower or 
horizontal plate ; these 
plates are concentric and 
are called the horizontal 
Umb of the instrument; 
M is a clamping screw 
for clamping the upper 
plate and N the slow- 
motion screw for giving 
accurate bisection of the 
object ; O is the vertical 
axis round which is a 
collar that may be 
tightened by a clamping 
screw, thus preventing 
the mstrument from 
taming round ; Q is the 
slow-motion screw for 
obtaining accurate bisec- 
tion; R is the tribrach 
and S, S, S the levelling 
screws by means of which 
thehorizontal limb is set 
truly horizontal; T is 
the tripod stand. 

Figs. 161 and 162 
show the instrument in 
greater detail. In Fig. 
161 will be seen a hook 
from which a plumb-bob 
is suspended to enable 
the instrument to be 
correctly set up over 
the station pegs. For 
ordinary surveying this instrument is the most useful type. 
Other types are the Everest and the Y. 

The Everest differs from the Transit in that it is lighter and 
more easy to carry ; the telescope cannot be completely revolved 
on its horizontal axis ; it has not a complete vertical circle ; and 
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the babble tube is fixed to the vernier arm instead of to the 
telescope. 

In the Y theodolite the telescope is supported in two Y's at 
the end of a bar which is fixed at right angles to the horizontal 
axis, and on top of the vertical limb. It possesses only a semi- 
circle. (See Fig. 163.) 

To Measure a Horizontal Angle. — 1. Set up the instrument 
exactiy over the station by means of the plummet which should 
hang exactly over the 
centre of the station 

2. Clamp the hori- 
zontal plate and un- 
clamp the horizontal 
vernier plate ; turn the 
latter until the arrow 
of jthe vernier coincides 
exactly with the 360° 
on the horizontal Umb, 
accurate bisection being 
obtained by means of 
the slow-motion screw 
and magnifying glass. 

3. Level the instru- 
ment by means of the 
foot-screws, as ex- 
plained in the chapter 
on Levelling, until the 
bubble remains always 
in the centre of its 
run. 

4. Unclamp the 
tohoU instrument and 
direct the telescope on 
to the left-hand object 
until the latter is ap- 
proximately bisected. 
Now clamp and obtain 
accurate bisection by 
means of the slow- ^^- ^^ 
motion screw. 

5. Unclamp the horizonial vernier plate and direct the telescope 
on to the next object until it is approximately bisected. Clamp 
and obtain accurate bisection by means of the alovMnotion ecrew 
aUached to the vernier plate. 

6. The angle subtended at the station over which the theodolite 
is set up by the two objects may now be read from the horizontal 
limb and verniers, and their mean taken as the correct horizontal 
angle. 
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To Measure a Vertical Angle. — 1. Set up the iiiBtrumeat over 
the station, and level the horizontal plates as before. 

2. Set the vertical verniers to read zero, and then level the 
arc by bringing the vertical arc level bubble into the centre of its 
run by means of the antagonising screws. 

3. Now direct the telescope to the object whose angle of eleva- 
tion or depression is required. Obtain accurate bisection, after 
clamping with the vertical clamp, by means of the vertical slow- 
motion screw. 

4. The vertical angle may now be read from the vertical verniers, 
and their mean taken as the correct vertical angle. 

The most important points to be observed in angular measure- 
ments are accurate centreing of the instrument over the station 
and correct bisection of the objects. To obtain accurate centreing 
by means of the plummet requires care and, unless one hits it 
off approximately at the first setting up of the instrument on its 
tripod, also time. Some instruments have centreing plates which 
allow for a movement of about 3 inches each way and make accurate 
centreing an easy matter, but when there are not centreing plates, 
the plumb-bob must be centred by shifting the legs oidy, and 
pressing them into the ground one at a time, until the bob is exactly 
over the centre of the station peg. The angle should always be 
read off on each vernier and the mean taken, so as to minimise 
errors of graduation of the arc. 

Changing Faee. — ^When great accuracy is required— in fact one 
might say on all occasions, and especiaJly when taking vertical 
angles — every angle should be observed with what is known as 
changed faccy and the mean of the two observations taken. When 
the observer is standing at the eye end of the telescope of a theodoUte 
and the vertical limb is on his left hand the instrument is then said 
to be at /ace kfi, and when in a similar position the Umb is on his 
right hand, the instrument is at face right. 

To Change Faee. — ^Af ter observing the angle with the instrument 
at face left (F.L.), next observe the same angle with the instrument 
at face right (F.B.). To do this move the left-hand or A vernier 
through 180^ in azimuth so that the object-glass occupies 
the position which was occupied by the eye-piece. Now revolve 
the telescope vertically through 180^ on its horizontal axis, and 
the vertical limb will be on the right hand and the instrument at 
F.B. The vernier which reads from is called the A vernier, and 
that which reads from 180^ is called the B vernier. 

By using both faces of the instrument most errors are eliminated, 
such as the error of horizontal coUimation and errors due to the 
transit axis not being properly level. 

Errors due to eecentrlelty» i.e. through the vertical axis not 
being exactly concentric with the upper and lower plates, are 
eliminated by reading both verniers. 

Errors due to imperfect graduation are eliminated by measuring 
the angle several times on different parts of the graduated limb. 

When observing to a pole always bisect the bottom of the pole. 
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Repefltioiu — When the greatest accuracy is required what is 
known as repetition should l^ adopted. It is carried out as follows : 
CSamp the vernier plate to zero and direct the telescope on to the 
left-hand object. CSlamp the lower plate and accurately bisect 
the object by means of the lower slow-motion screw. Read both 
verniers. 

Unclamp the vernier plate and accurately bisect the right-hand 
object. Bead both verniers and the mean of the two readings is 
the angle required. Having done this unclamp the lower plate 
and again carefully bisect the left-hand object. Undamp the 
vernier plate and accurately bisect the right-hand object once 
more. The readings on the verniers should now be double the 
first readings obtained. This operation may be repeated as many 
times as desired, and is generally performed once round the circle. 

If we divide the difference oetween the first and last readings 
by the number of times the angle is repeated, we shall obtain the 
required angle. 

The following is an example of how the readings may be 
recorded : 



Ot>|ao* 


▲ V«DUr 


BVtnte 


H«H1 


Back 
Fore 
Fore 
Fore 


0" 0' 

36" 10' 

72" 21' 

108" 31' 


180- 1' 
216" 11' 
252" 22' 

288" 32' 
3 


0» 0' 30' 
108' 31' 30' 


108° 31' 0' 


Mean angle : 


= 36° 10' 20' 



The same angles should now be taken with changed face and 
the mean of the two results will be the correct angle. With regard 
to this method it may be observed that although the errors due 
to imperfect graduation are minimised, the errors due to imperfect 
observation are accumulated; and at the same time any errors 
which are due to instabiUty of clamping and tangent screws are 
introduced. 

Reiteration. — ^This is the most accurate method of taking an 
angle, but is only resorted to in important work on a large scale. 
It is performed as follows : With the A vernier clamped to zero 
the telescope is directed so as to bisect some selected object, called 
the R.O. or referring object. AU the verniers are then read. 
Next unclamp the vernier plate and bisect each of the objects to 
be observed consecutively, and return to the R.O. The angles 
read on each vernier are booked. 

Now, if the theodolite has two or four verniers start afresh 
with the A vernier reading 90^ or if three verniers 120% 
and proceed as before. Continue with the A vernier reading 
180^ and 270% when there are two or four verniers, or 240% 
when three. 
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The work should now be repeated with changed face, and the 
mean of the obeervationB taken. 

In ordinary work it is not necessary to adopt the above-men- 
tioned methods which are long and troublesome ; it will be sufficient 
merely to take two observations to each object, one with F.B>., 
and one with F.L., and to enter in the horizontal angle book the 
readings of each vernier. 

Form of Book 



ObHTTWl Objaot 


FMe 


A Verniff 


B Veroter 


HttUM of Vemian 


Angta 




L 
R 











Surveying with the Theodolite.— When making small surveys it 
is only necessary to observe the angles formed by the outside 
survey lines to enable the figure to be plotted. The work may be 
checked by adding together the degrees contained in these angles, 
the total of which should equal twice as many right angles as the 
figure has sides minus four right angles. 

When the base line divides the estate into two portions, it is 
better to take the angles which the external lines make with it at 
either end, so that there may be two independent figures when 
checking the angles. In large surveys it is advisable to take ^ 
angles formed by the base lines with one another, and any other 
angles which will supplement check lines. 

The chief advantage of using a theodolite is that the trouble 
of measuring tie lines is obviated, as is also the measurement of 
those lines which in a chain survey are only measured to enable 
the work to be plotted. 

When making a survey with the theodolite, therefore, we should 
observe all those angles which are requisite for the plotting of the 
work, and in addition angles which will serve as a check. 

When observing the angles of a triangle so as to enable the 
unmeasured sides to be calculated it is necessary to take all three 
angles so that there may be a check on the observations. The 
three angles should, of course, sum to 180^ Any very 
small error which results may be distributed equally over the three 
angles before they are used in computation. Well-conditioned 
triangles should alwa3rs be laid down. 

In the case of the large triangles used in geodetic surve3rs the 
three angles will sum to more than 180^ owing to the fact 
that the triangle is spherical due to the curvature of the earth. 
This is termed the spherical excess, and a correction must be applied 
to the angles observed. Sometimes the theodolite cannot be set 
up over the point observed to. In this case it is set up as near as 
possible over what is termed a satellite station, and a reduction is 



THE THEODOLITE 186 

applied to the observed angle in order to obtain the correct angle 
at the centre. Satellite stations should be avoided as much as 
possible. 

The Survey of a Country.— The country is first divided into a 
number of large triangles whose sides may be of any length &om 
10 to 100 miles. A bciae line which is one of the sides of a principal 
triangle is measured with the utmost care. Such a base line is 
selected on a level piece of country. All the angles of the triangles 
are next observed. 

The great trianj^es into which the country is first divided are 
called the primary triangtilation. The primary triangles are next 
divided into smaller ones, and this is called the secofSUary triangu- 
lotion. The secondary triangles are then further divided into 
tertiary triangles, caUed the tertiary trianffulation. The triangles 
are now of a size which may be dealt with in the ordinajy way. 

The base line is the only Ime actually measured, all tiie rest 
being calculated, but sides may be measured here and there at 
considerable distances, to act as checks or bases of verification. 

The survey of the United Kingdom may be taken as an example. 
Two principal bases were measured by means of General Colby's 
comp«3sated bars, one on Salisbury Plain 6-97 miles long, the other 
near and partly across Lough Foyle 7*89 miles long. The length 
of the latter base was calcidated by a triangulation carried from 
the Salisbury Plain base, and the difference between the computed 
and measured length of the Lough Foyle base was only 5 inches, 
on account of which a correction of 2^ inches was made. 

The triangulation consisted of a network of triangles over the 
entire country, the primary triangles having sides from 30 to 
111 miles in length. The angles were measured with four large 
theodolites, two 3 feet in diameter, one 2 feet, and one 18 inches. 
By means of the secondary triangulation the long sides of the prin- 
cipal triangulation were reduced to lengths of 5 miles. The angles 
were meairared by a 12-inch theodolite. The 6-mile sides of the 
secondary triangulation were reduced by means of the tertiary 
triangulation to lengths of 1 mile or less. In towns the station 
points were sometimes within as short a distance as 1 furlong. 
The angles were measured with 7- and 6-inch theodolites. The 
traversing was done to close on the tertiary triangles, and the 
filling in and detail closed on the traversing. The area of each 
field was computed from the plotted detail. I am indebted for 
the above information on the Ordnance Survey of the United 
Kingdom to N. Mitra's * Manual of Surveying.' 

Adjustments of the Transit Theodolite.— These may be divided 
into two classes— namely, temporary and permanent. The former 
must be attended to every time the instrument is used, but the latter 
are not often required, unless the instrument has been badly handled. 
When angles are properly taken with ' changed face ' the error, if 
any, which is due to the instrument being out of adjustment, is 
negligible for ordinary work. 
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In any oaae, the temporary adjastments must be very carefully 
made before testiog tiie permanent adjustments. 
The temporary adjustments are :— 

1. The * netting v/p^ of the itutrument over the station peg, 
which has been already deiscribed. 

2. The ' levdUng up* of the itutrument.— This is effected by 
making the vernier plate horizontal by means of the bubble tubes 
as described for the Dumpy Level. If the bubbles of the levels, 
after being levelled by the foot-screws, retain their centres during 
a rotation through 180° the instrument is properly ' levelled up.' 

3. The preveniion of pcuraUax. — ^This is done in a manner similar 
to that described for tike Dumpy Level. 

The permanent adjustments are :— 

1. To sei the levels of the horizonUd limb paraUd to the upper 
plate, and perpendicular to the vertical axis of the instrufnent.--Set 
up the instrument nearly level by the legs of the tripod. Place one 
of the levels parallel to two of the footnscrews and by them bring 
the bubble to the centre of its run. By the third footH9crew bring 
the bubble of the other level to the centre of its run. If the bubbles 
retain their centres on turning the telescope haU round (the upper 
and lower plates should be clamped together during this adjust- 
ment) the bubble tubes are parallel to the upper plate. If they 
do not retain their centres, correct half the error by the footHBcrews 
and half by the capstan-headed screws at the ends of the levels. 
Repeat till perfect. 

2. Adjustment of the supports of the horizontal axis of the 
telescope. — After the instrument has been levelled up the horizontal 
axis of the telescope should be truly level so that the telescope 
may revolve in a truly vertical plane. This adjustment may be 
carried out in two wa]^: (a) When there is no striding level; 
(b) When a striding level is attached (see A, Fig. 162). 

(a) Without a sMding level. — Set up the instrument at a distance 
of (say) 60 feet from some lofty object such as a church tower. 
Level carefully and sight on to some point at the top of the object, 
carefully bisecting it by the cross-hairs. Lower the telescope and 
make a mark at the bottom of the object where the cross-hairs 
intersect. Now revolve the telescope through 180°, transit it, 
and again sight on to the point at the top of the object. Again 
lower the telescope and note if the cross-hairs exactly intersect 
the lower mark. If they do, the transit axis is truly horizontal ; 
but if not, correct half the error by means of the capstan- 
headed nuts which are situated just below one of the Y bearings. 
Repeat till perfect. 

(6) Wiih a striding levd. — The striding level is a spirit level 
with two upright legs equal in length (see A, Fig. 162) fixed to 
the ends of the bubble tube. It is capable of bemg fixed on the 
transit axis for the purpose of testing its horizontality. Level the 
instrument by means of the bubble tubes on the vemier plate 
and see that this adjustment is correct. 
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Open the cleats which keep the ends of the transit axis in its 
bearings, and erect the striding level on the axis over the bearings. 
Reverse the striding level and carefully observe it. If the bubble 
does not remain in the centre of its run, it must be made to do so 
by turning the capstan nuts at the bottom of the adjustable Y 
until it is quite correct. When the adjustment has been made 
for one position the striding level bubble should remain steady 
during a complete revolution of the instrument. The axis, which 
is set right by the makers, is not likely to change, and consequently 
the adjustment has very seldom to be made. 

2a. Adpiaiment of Tdewxype Bubbky or BvJtibU on Vernier Arm. — 
Set vernier on circle to zero, by the two screws on T carrying 
piece, bring level to centre of its run, reverse telescope exactly 
180^. If bubble has moved, correct half of the error between 
capstan screws holding level tube and T antagonising screws 
attached to vernier arm. 

3. Adjiutmentsfor Lines of CoUimatum. — (a) For vertical line : — 
Before commencing this adjustment all level bubbles should be 
tested true on reversion after setting up. Direct telescope on a 
distant point or line (as far off as possible), clamp both horizontal 
circle and main centre. Lift telescope bodily from understructure, 
and reverse pivots in their bearings, end for end. Transit 
telescope ISO"*, and in new position note whether vertical line still 
cuts point selected. Adjust for any error by means of the two 
horizontal diaphragm screws. 

{b) For horizontal line : — Select a piece of level ground, set 
vertical circle to zero and level up instrument over a definite point 
ascertained by plummet. Measure of! accurately a given distance 
of (say) 50 to 100 yards in opposite directions. Drive a peg in 
each of these points. Set up staff on each, drive pegs in until 
staff reads same on both. (Note — ^Ifan holding staff should be 
instructed to incline staff forwards and backwa^ during opera- 
tion of reading to prevent any error due to staff not being held 
vertically.) If these operations are done correctly the top sur- 
faces of the two staff pegs are level. Remove theodolite to a 
new position of (say) 20 yards from one of the staff pegs. Take 
readings from bolj^ pegs in the new position. Any error can 
be adjusted by means of the two vertical screws holding the 
diaphragm in position. 

The above adjustments should be followed through in the 
order given. 
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Tntvenlllg is a very important and necessary branch of surveying. 
There are two metikods : — 

1. By reading the angles included by each two adjacent survey 

lines, o^ed Qal^a or the Indwied Angle method. 

2. By taking the bearing of each line, i.e. the angle contained 

by the survey line and the meridian, called the Back Angk 
method. 

A survey by traverse may be what is termed open or dosed. 
In the former case the survey lines are not continued until they 
come back to the starting point, and in the latter they return to 
the point of origin. Obviously the closed traverse is better because 
of the check afforded by closing correctly on the first station. But 
a route may be traversed from one fixed point on a plan to another 
and a check thus obtained by exactly hitting off the fixed station. 
When it is not necessary to return to the beginning, for the purposes 
of the survey, it will nevertheless be advisable to do so for the 
purpose of the check such a course will provide. The instruments 
which are used for the work are the prismatic compass and the 
theodolite. It is preferable to use the latter. The readings are 
booked as so many degrees to the East of North. 

Field Work. — ^The object to be achieved is to manipulate the 
theodolite in such a manner that the meridians at each station 
are kept parallel to one another. The two methods mentioned 
above effect this object. 

I. Gale's or the Included Angle Method.— Pickets or poles are 
placed in the ground at the essential points so as to encompass 
the area to be surveyed (see Chapter n, Fig. 39), or if surveying a 
road as shown in Chapter X, Fig. 168. The theodolite is set up 
over the first station and levelled up. The telescope is turned in 
the direction of the north and when pointing thus, the plates 
should be clamped at zero. Now direct the telescope on to the 
second station and take the reading, thus obtaining the bearing 
of the first line. This is the only bearing which is taken in the 
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traverse, the remainiiig bearings being calculated from this one. 
Before moving the theodolite take also the angle included between 
the two adjacent survey lines at this station. Now transfer the 
instrument to the second station and observe the included angle 
by sighting first on to the back station and swinging round on to 
the fore station. Do the same thing at each successive station 
until aU the included angles have been observed. 

To ealeulate (he beings. — ^Add together the bearing of the 
preceding line and the angle contained between the Unes. If the 
sum so obtained exceeds 1§3^, deduct 180° from it ; but if the sum 
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be less than 180"" then add 180"" to it. If, however, after deducting 
180° we get a greater sum than 360° then we must deduct a further 
360°. ^ i 

Example. — ^The external angles or the internal angles may be 
read, but it is better to read from left to right always, when possible, 
with the theodoUte. 

The sum of the interior angles plvs four right angles is equal 
to twice as many right angles as the figure has sides. The sum 
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of the exterior angles minua four right angles is equal to twice 
as many right angles as the figure has sides. We thus have a 
check upon the angles of the traverse. 

Set up and level the theodolite at the station A (Fig. 164). 
Chain the first line AB, take its bearing and also the included angle 
between it and DA. Remove the instrument to B, chain BC, 
and take the included angle ABC. Ftoceed thus with the remain- 
ing lines. 

The bearing of AB has been taken and is 147^ The bearing 
of BC is found by the rule given above. ABC = 71^ ; AB bears 
147'' ; added together they equal 218'' ; subtract 180'' and the 
bearing of BC is found to be 38". The bearing of CD is found 
similarly. BC bears SS"* ; BCD = 121'' ; added together they 
equal 169^ add 180'' and the bearing of CD is found to be 




236^ 



The bearing of DA «= (339" + 77") ~ 180" = 416" - 180" « 



If the exterior angles had been read — that is, if the chaining 
had been the reverse way — ^then the bearings would differ by 180". 

Example. — ^The bearing AD would be 56". The exterior angle 
ADC = 283" : add this to 66" and we get 339" ; subtract 180" = 
159", the bearing of DC. 

2. The Back Angle Method. — ^In this method the bearing of 
each line is taken. Having fixed the stations, as explained before, 
set up the theodolite over the first station. Clamp the plates at 
zero and turn the telescope to north. Now take the bearing of the 
first line. Next move the instrument to the second station and 
set it up. With the bearing of the first b'ne still on the vernier, 
direct the telescope back on to the first station and accurately 
bisect it wiUi the cross-hairs. Now turn the instrument to zero 
and the telescope should be pointing parallel to its original direction 
but the opposite way — ^namely, to the south, unless some error has 
been made. (See I^. 165.) 
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The bearing of AB is the angle X. When the theodolite is 
set up at B the vernier is reading the angle X and is directed on 
to the jBrst station A. On turning the vernier to zero the instrument 
will be found to be facing south. Now turn the telescope in the 
direction of C and we shall get the angle Y, which is the bearing- 
of BC measured from the south. Set up the instrument at C 
with this reading clamped and direct the telescope on to the back 
station B. On setting the vernier to zero it should be pointing 
to the north, and the bearing of CD can be read. Proceed in a 
similar way for all the stations. The bearings are thus observed 
alternately from the north and the south, and parallelism of 
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meridians is kept automatically. The lines are measured and 
offsets taken as required in the ordinary way. 

Plotting the Traverse. — ^If the angles are plotted with a protractor 
there is every probability of an error creeping in, and if such error 
occur at the beginning in the direction of a line there will be 
great discrepancy in tbe work at the end of the line. To avoid 
this difficulty of measuring the angles with a protractor, a system 
of plotting the work by eo-ardinates is adopted. It is as foUows : 
In Fig. 166, Line 1 (AB) bears Se"" 36' East of North and is 6*60 
chains long. Line 2 (BD) is 10 chains long and bears 81° 4r East 
of North. Line 3 (DH) is 610 chains Jong and bears 172'' 30' 
East of North. 

Having pinned a piece of drawing paper on the board take 
a T square and draw a line which we will call X Y. The station A 
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may be taken at any point in XT or at any certain distance above 
it. To locate station B it is necessary to calculate the lengths 
AC and BC according to the rules for right-angled triangles given 
in the chapter on Trigonometry. To plot the work only a T square, 
set square, and scale are required. 

Find AC and BC by the rule for solving right-angled triangles. 
Find the lengths BE and DE, also the length DK and ELH similarly. 
To plot the work the lengtii DE must be added to BC to obtain the 
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length DF, and BE must be added to AC to obtain AF. DK must 
be subtracted from DF and KH added to AF to obtain the position 
of H. All vertical lines are worked out and plotted from the base 
XT and all lateral distances from the point A : the departures 
being marked off to scale along the line XT and the latitudes plotted 
from these points by mecms of the set square and scale. The 
lengths of the vertical lines denote the difference of latitude 
between the points. Consequently if we assume the line XT to 
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be at a latitude of 0, the lengths BC and DF will denote the 
latUudes of the points B and D. 

These lengths are called the laHtudes of the stations in a traverse 
survey. If we assume the longitude of A to be 0, then the lengths 
of AG and AF will denote the longitude of the points B and D. 
These longitudes are usually called departtureSy being the amount 
of departure east or west of the original meridian. 

The reducing of the traverse is done as shown in Fig. 167. In 
plotting the traverse it will be seen that only the LcUitndes and 
Departures need be referred to, in the same way as only the Distance 
and Height above Base columns need be referred to when plotting 
a level section. 

The latitudes and departures of the first station may be assumed 
either as in each case, or at some figures which are sufficiently 
large so as to prevent getting below zero when all deductions have 
be^ made — ^as is the case in levelling when determining the value 
of the H.A.B. of the Bench Mark. 

The results of the workings are placed in the N., S., E., W. 
columns according to whether they go N., S., E., W. from the point 
at which the bearing was taken. Northings and southings are 
respectively added to or deducted from the previous latitudes, and 
eastings and westings are respectively added to or deducted from 
the previous departures. 

It will be observed that, by this method of plotting, each point 
of the traverse is independent of the other, and a mistake made 
in one point is not carried to others. It should, therefore, always 
be adopted in preference to protracting the angles. 

dodng Error. — ^It will be found t^t in a closed traverse the 
last line seldom closes exactly on the original station. When a 
traverse closes the following three conditions must be fulfilled : — 

1. All the interior deduced or observed angles together with 

four right angles must be equal to twice as many right 
angles as the figure has sides. 

2. The northings must equal the southings. 

3. The eastings must equal the westings. 

In ordinary traverse surveys the closing error should not exceed 
one link in 3 chains, or (say) i^^^th part of the perimeter. The 
error may be ascertained by dividing the square root of the sum 
of the errors of latitudes and departures by the whole perimeter : 
this will indicate whether one is within the limit of error allowed. 

Convergeney of Meridians. — ^In reality the meridians are not 
parallel, as they converge to the poles ; but for ordinary purposes this 
is a negligible quantity. 

Adjustment of Closing Error.— Having decided that we are 
within our limit, the G.E. should be adjusted and the traverse 
made to close before the ofbets are plotted. This may be done 
graphically in the following manner : — 
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In Fig. 168 let ABGDEX be a traverse survey as plotted, showing 
the closing error to be AX. Draw a line aX (Fig. 169) equal in 
length to the periphery of the traverse : divide tUs line into dis- 
tances ab, be, cd, de, eX equal respectively to tihie sides AB, BC, CD, 
DE» EX of the traverse. Draw XA perpendicular to oX, making 



Fra. 16& 



XA equal to the total closing error measured from the plot in 
Fig. 168. Join aA and draw the perpendiculars &B, cC, <n>, «E. 
This will give the amount of correction to be made at each of the 
stations of the traverse. To make the correction, draw through 
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each station a line parallel to AX (Fig. 168), and on each of 'these 
lines measure off the distances B&, Cc, Dd, Ee which are found 
from Fig. 169. The points A, 6, c, d, e shoiUd now be joined, and 
the traverse will be so adjusted as to close on its origin point. 

Field Book. — ^The usual form of book may be used. The bearing 
of each line is written against the number of the line. 
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Taeheometry. — ^The^ord, which is derived from the Greek, signifies 
to measure quiokly. A tacheometer is an instrument almost 
exactly like a transit theodolite, but with a larger telescope. 

An ordincoy theodolite fitted with a diaphragm containing 
stadia as shown in Fig. 170 (termed a subtense telescope) may be 
used as a tacheometer. (See also Fig. 96, Chapter VI.) 

Diaphragm. — ^The wires a and b are often engraved on glass 
at the proper distance by the maker, and are generally placed 
apart at a scale of 100 
or 200. They may also be ad- 
justable as to their distance 

from the central wire by ^^ 

means of screws. When this g| { X ■/« M<»»'«ont«i mcsn wir*. 

is the case, in order to find VV 7\ — tJ^ ^'''*- 

the scale we measure 100 

feet on the ground (+K^ 

mentioned later), adjust the Fio. 170. 

instrument, and note the 

readings of the extreme wires. If the difference of readings is 

I foot, the scale is j^^y ; if the difference is 0*50, the scale is i^^^. 

The object of the stadia points is to measure distances without 
chaining them. 

If the staff be graduated into feet and hundredths of a foot, 
then the distance from the object glass to the staff is the 
length subtended by the wires on the staff multiplied by 100 or 
200, as the case may be, phia the aoleix focal length of the object 
glass. (Solax foceJ length is the distance of the image of the object 
from the centre of the lens.) 

But the distance of the staff from the centre of the instrument 
is required, so that a further addition of the distance from the 
object-glass to the centre of the instrument must be added. This 
constant is generally given by the instrument maker. 

Then the correct distance is equal to the difference of the readings 
of the extreme wires multiplied by 100 (or 200) plus the constant (K). 

Besides the distances Aa, A6, Ac, Ad, Ae, a tacheometer also 
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enables as to obtain (Fig. 171) the angles made at A by the points 
a, b, c, d, e, and the differences of level between A and a, 6, e, d, e. 
If the B.L. of A be known, the B.L.'8 of a, b, c, d, e can be calculated. 




Base Line 
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Mode of Ascertaining a Distance.— Hold a level' staff over a 
station, and having adjusted the tacheometer, direct the telescope 
to the staff and take two readings with the wires a and b (Fig. 170). 
The greater the distance of the staff from the instrument the greater 
will be the difference between the two readings. 



Staff 



Staff 



Staff 
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Example (Fig. 172). 



Suppose the higher reading == 7*42 
„ ,^ lower „ = 3*36 

Difference = 406 



Then, if the wires axe adjusted so that the difference is 100 times 
this, ^Ae length will be 406 /ee^ (+ K). 

It must be noted, however, that this will be the true horizontal 
distance only if the telescope points in a level line and the staff 
is held upright. The ground may be considered to be level when 
the inclinations do not exceed 3° to 4°. 

If the line of sight has to be elevated or depressed, we shall 
obtain the distance measured on the slope along the line of sight, 
provided thai the staff voaa at right angles to the line of sight. 

In practice the staff is held upright and the direction of the 
telescope is pco^allel to the slope (Fig. 173). The true length of 
the horizontal distance is then found as follows : — 
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If the telescope be inolined so that the line of sight falls above 
or below the horizontal, it is obvious that the line drawn through 
the centre of the instrument to the staff is longer than it would be 
were the telescope horizontal, and consequently the number of 
divisions intercepted on the BtaS is greater, in proportion to the 
angle of inclination, than would be the case if the telescope were hori- 
zontal. The number of divisions must, therefore, be reduced by 
multiplying them by the cosine of the angle of elevation. The 
distance thus obtained is that along the angle of indinaiion and 
it must be multiplied into the cosine of that angle. 

The usual practice is to take the distance on the slope as calcu- 
lated directly from the interceptions without reduction, and to 
multiply the result into the coaine squared. This gives the same 
figures. 
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The following formul» may be used conveniently : — 

H = D cos* E 
V = HtanE 

where H == the horizontal distance; 

D := the difference of readings multiplied by 100 (or 200); 
E &= the angle of elevation or depression; 
V = the vertical height. 

Example. 

The readings on the staff = 7*42 

336 

Their difference = 4*06 
Scale of stadia (say) 100 = 100 

. * . D = 406 say, corrected 
Now, H = D cos* E— i.e. 406 X cos E X cos E. 
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Sappoae the angle of eleyation to be 6^ 15'. 
Then log 406 =26086260 

log cos 6* W =:l;99Sn^ 
log cos S"" 16' =1-9981743 

.-. logH = 2*6048746 
.-. H = 402*60feet 

andV sHtanE 

logH =^-6048746 
log tan e^* 16' =2-9632646 

.-. log V= 1-6681291 
.-. V = 36-993£eet. 



In order to avoid the addition of the constant K at each reading, 
a third lens, called an ' anallatic lens,' was introduced by J. Porro. 
It is, however, not of any great advantage to avoid adding the 
constant, and the third lens causes considerable loss of light. The 
telescopes of tacheometers fitted with this lens are necessarily of 
a large size, and their eye-pieces generally possess a greater magni- 
fying power than those of theodolites. 

To Survey with the Taoheometer.— Set up the instrument in 
some position which commands a good view of all, or as many as 
possible, of the stations of the survey. 

Take an observation to each station and book — 

(a) The bearing of each pole. 

(6) The two readings to the staff held on the point. 

(c) The angle of devation or depression, entering angles of 
elevation with a plus sign and angles of depression with a nUnus 
sign. 

All the stations can be plotted from this information, and there 
is no necessity for triangulation. 

As it is important always to hold the staff upright, it is often 
provided with a plumb-bob. It is advisible to direct the lower 
cross-hair to a round numb^, say one foot : this facilitates calcu- 
lations. The height of the instrument should also be ascertained; 



CHAPTER XIV 



UNINO OUT CTTBVBS 



Cimres may be designated either by the length of the radius 
or by what is termed the ' degree of curvature.' By the d^ree of 
curvature is meant the angle which is subtended at the centre of 
the curve by a chord of 100 feet in length. A tangent to a circle 
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is perpendicular to the radius drawn to the point of contact. Two 
tangents drawn to a circle from any point are equal, i.e. BD = BE 
(F^. 174). If a chord be drawn between the two points of contact 
of the tangents, the angles formed by the tangents with the 
chord are equal, i.e. BDE = BED. 

The following information is necessary before we can lay out 
a curve : — 

1. Two straight lines to be joined. 

2. The length of the radius or the degree of curvature. 

We must also calculate the point of commencement of the 
curve and its length. 

o 2 
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The instrument to use for the field work is the theodoUte. In 
Fig. 174 the two straights which are to be joined by a corye are 
AD and CE. 

To determine the eonimeneement of (he eunre.— Before com- 
mencing operations in the field, the curve may be laid down on 
the 25-inch Ordnance Map. This will make it easier to line out 
the straights so as to find the intersection point. This should be 
done with the theodolite. Having found the point of intersection B 
(Fig. 174), set up the theodoUte over it and observe the angle ABC. 
As F is the centre of the circle FB bisects the angle ABC. We can 
therefore ascertain the angle ABF. Suppose the radius has been 
decided upon ; we have then sufficient data (viz. FD, FBD, and 
BDF which is a right angle) to ascertain the length of BD. 

BD = FD X cot FBD 

Measure the distance BD back from the intersection point B 
and we have the commencing point of the curve. 

If, however, we have decided upon the degree of curvature for 
the curve, we must nevertheless find the radius before we can find 
the commencing point. This may readily be done by the following 
formula : — 

Radius =? 1719 x - 

X 

where a = the chord of 100 feet and x = half the degree of curvature 
expressed in minutes. 

Exatfiple. — ^Find the radius of a 3° curve. 

r=1719x^ 
= 1910 feet 

To aseertain the tangential angle.— Having found the point 
of conmiencement, it is necessary to determine the tangential 
angle before we can start pegging out the curve. The tangential 
angle is the angle of deviation which the first chord of the curve 
mi^es with the tangent to the curve at its point of conmiencement. 

If we set out the curve with a radius of so many chains, we use 
a chord of 1 chain of 66 feet, and the tangential angle is found by 
dividing the constant 1719 (really 1718*873) by the radiuQ of the 
curve in chains, the result being the tangential angle in minutes 
for a chord of 1 chain. 

On the other hand, if we set out the curve with the degree of 
curvature decided upon, the tangential angle is always half the 
degree of curvature; thus the tangential angle of a 4^ curve 
is 2"*, and we use a chord of one chain of 100 feet. It will 
tiius be seen that it is simpler to adopt the latter method. Tables 
of tangential angles are published to save the trouble of calculation. 
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To find the length of the eurve.— As each chord of 100 feet 
subtends at the centre an angle equal to the degree of curvature, 
the length of the curve equals the whole central angle divided by the 
degree of curvature multiplied by 100 feet. This really gives the 
length of the chords in the curve and not the curve, but the difference 
between the chord and its arc is so small that the length of the 
curve so obtained may be taken as correct. 

The length of the curve in chains may also be found by dividing 
half the angle of intersection by the tangential angle for one chain : 
or the angle of deflection divided by the tangential angle equals 
the numb^ of chords in the curve. 

To set out the eurve.— TFi/A the <&eodt>IAe.— Whether we set 
out the curve with the chord of 1 chain of 66 feet or 100 feet, the 
method of doing so is the same in the field. 

Set up the &eodolite over the tangent point of the commence- 
ment of the curve with the vernier set to zero. Sight on to the 
pole at the beginning of the first straight and, reversing the tele- 
scope, note whether the cross-wires bisect the point of inter- 
section. Set the vernier to the angle of deflection of the whole 
curve and note whether the cross-wires bisect the second 
tangent point. 

Now, having satisfied the above tests, set the vernier to zero 
and point the telescope in the direction of the tangent to the curve. 
Next, set the vernier to the first tangential angle, say 2^, and 
chain a distance of 1 chain ; but instead of going in the direction 
of the straight line, go in the direction in which the telescope is 
pointing and drive in a peg at the end of the chain's length, with 
the cross-wires accurately bisecting the peg when driven in. In 
this way the first point on the curve is obtained. To obtain point 2, 
multiply the tangential angle by 2, and turn the telescope until 
the vernier reads this new tangential angle, 4°. Chain a further 
distance of 1 chain from the &st point so that the extremity 
may be in the direction of the telescope. The remaining points 
may be fixed in a similar manner by multiplying the first tangential 
angle by the number of the point on the curve, and chaining the 
length of 1 chain from the last point in the direction of the telescope. 

As the centre line of a road is generally pegged out in 1-chain 
lengths it seldom happens that the commencement of the curve 
is at one of these pegs. If the last peg in the straight is (say) 
2,000 feet and the curve commences at 2,020 feet, then the first 
chord of the curve will only be 80 feet in length, and ^ of the tan- 
gential angle must be set off on the vernier and a peg driven in 
at 80 feet instead of 100 feet. Thus, if the tangential angle is 
2^ for a chord of 100 feet, then for a chord of 80 feet it is 
1^ 36'. The same thing applies when the last chord is not a full 
100 feet. 

Curves may be set out kft handed — that is, bending in the opposite 
way to which the theodolite is graduated. The metiiod is precisely 
the same as for right-handed curves, but the degrees must be 
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ooontad off in the left-handed direction and the minutee read off 
the yemier in ite reversed position. 

Impeded point in curve. — ^It is generally the case that it is 
not possible to see all the points on the curve from the first position 
of the instrument. It is then necessary to remove the theodolite 
to the last peg observable, and proceed when there in a manner 
similar to that adopted in the back angle method of travosing. 
Set up the instrument over the new station (i.e. the last peg observed 
from the first station) with the reading of the tangential angle for 
that station still upon the vernier. Sight back on to the first 
station, accurately bisecting the p^. Now set the vernier to zero 
and the telescope will be pointing parallel to the first tangent. 
The direction of the new tangent is obtained by turning the telescope 
through 180° plus tunce the tangential angle of the new station from 
the first station. Set out the remainder of the pegs on the curve 
as Defore, adding on the necessary tangential angles. 

Without the theodolite, — A rougher methcKl of lining out 
curves with the chain by chord and offset may be adopted, but the 
results are not so satisfactory. 
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Having determined the commencement of the curve, &c., as 
already described, measure off along the tangent AB a distance 
equal to 100 feet. (Fig. 176.) 

At B set off a distance BC, at right angles to AB, and equal to 

— o"R~* ^ ^ *^®^ *^® ^*' pouit on the curve. 

Now, from C measure another 100 feet CD in line with G and A. 

and on CD as base construct the triangle CDE having CE equal 

chord' 
to 100 feet and DE equal to — t>— (ie. double the last). Thus 

the second point E is obtained. The remaining points 6, 1, K, kc. 
are found similarly to the second, the offsets being the same — 
namely twice the first one. 

To correct the curve. — As in the case of a traverse the curve will 
seldom close exactly on the second tangent point. When setting 
out with the theodolite the permissible error may be taken as 1 
in 1000 ; without the theodolite as 1 in 300. 

The error may be corrected graphically in the same manner as 
shown for the correction of a traverse ((Chapter XII). 
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C3HAPTER XV 

FBBPABATIONS VOB BUILDING : BXOAVATION : FOUNDATIONS I 
OONOBBTB : OBMBNT 

At the outset of all bmlding work, it is naturaUy of extreme 
importance that the preliminaiy operations should be carried out 
ivith care. It is scarcely necessary to state that the site should be 
properly cleared of aU vegetable growth, and in most cases levelled. 
As all drawings should clearly show dimensions such as affect the 
setting out of any building, it is an easy matter to find therefrom 
the exact positions for the various trenches which have to be dug 
for the foundations. These positions should be carefully marked 
on the site by means of pegs driven into the ground, llie depths 
of these excavations are governed by two thii^ : — 

1 . The thickness of the waU, and the weight of the superstructure. 

2. The nature of the subsoil. 

In the first case, where ordinary farm and estate buildings are 
to be considered, the thickness of the waU will only in extremely 
rare cases exceed a brick and a half — or what is generally known 
as a 14-inch wall — and even this dimension is greater than will be 
generally adequate. But, whatever the thickness of the wall may 
be, it is usual for about 12 inches of the wall proper to be built below 
ground level. Below that level the footings project in courses in 
order to spread the weight of the wall upon the concrete foundation. 
These brick footings project 2^ inches on each side of the 
wall as shown in Fig. 176, and continue so to do until their lowest 
course is twice as tUck as the wall above. In the case of 18-inch 
walls and upwards the lowest course of footings should be doubled 
in depth. Another point which should not hd overlooked is that 
headers should be employed as far as possible in order to insure the 
weight of the wall b^ng spread to the outside edges of the lowest 
course of footings. In cases where great weight has to be provided 
for, it is a common practice to use bricks of a harder and more 
durable nature, such as Staffordshire blue bricks, but such a 
necessity is unlikely to occur often in estate work. 

All excavation should be done at the same time, and when 
the trenches for foundations have been made, similar provision 
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must be made for all drain-pipes, whether sewage or rain-water. 
And as in dwelling-houses the ground must be sealed over the 
whole site with concrete — and in a similar way all stock-houses 
should be provided with some form of impervious flooring — it is 
necessary to excavate to a certain depth and cast away all the 
superfluous material from the site. The depth of this surface 
excavation will, of course, be decided by the particular type of 
building and the nature of the floor. But in every case there must 
be what is caUed a ' core ' or bed of hard, dry, broken material as 
a firm bottom to the concrete or other floor. This * core ' may 
consist of broken bricks, local stone, or any hard, dry, and clean 
material. As already stated, the depth of the concrete foundation 

will depend both upon the 
weight it has to carry and 
upon the nature of the subsoil, 
which may be either extremely 
firm in itself, and capable of 
solidification by ramming, or 
of a shifting, unstable nature. 
As it is impossible to deal with 
the multitude of possibilities 
in this matter it is perhaps 
better to assume reasonable 
and normal conditions and to 
take the depth of the concrete 
foundations as varying between 
9 and 12 inches. It is now 
necessary to insure the level 
of the upper surface of the con- 
crete being maintained through- 
out. ThL is easily done by 
driving into the bottom of the 
trench, some few feet apart 
lengthways, stakes whose heads, 
tested by a spirit level, are all in the same plane. The concrete 
can then be kept from rising above the correct height by placing 
a plank on edge on the pegs and swinging it backwards and 
forwards. 

By the time the concrete has properly set the trench will be 
filled, to a depth of about 12 inches, with what can be called an 
artificial stone, in one homogeneous body, entirely without joints. 

In the case of a concrete floor or sealing for the ground under- 
neath a timber floor the material is spread upon the previously laid 
* core ' to a depth of from 4 to 6 inches. 

Where the superimposed weight is not great and expense is 
decidedly an object, botii time and money may be saved in the 
making of concrete foundations by the judicious use of ' plums ' — a 
name given to large stones placed in the trench and then surrounded 
and covered in by the concrete. These should never occur more 
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frequently than one to eveiy six feet, as the concrete ifi liable to 
weakness and a lack of homc^eneity on their account. 

Concrete is, as already stated, an artificial stone and can be made 
in two qualities : — 

1. Cement concrete, the more durable and ezpensiye. 

2. lime concrete. 

In both cases the preparation is exactly the same, and consists of 
the mixture of : — 

1. Matrix — lime or cement ; and 

2. Aggregate — broken bricks, granite chippings, coke-breeze, 

clinker, or any clean similar material. 

There should also be a certain proportion of sand in order to 
improve the binding tendency of Uie entire mass. This sand 
should be as sharp, fine, clean, and irregular as can be obtained ; 
and for these reasons sea sand is not nearly as satisfactory as river 
or pit sand. 

In the mixture of concrete the idea is that the sand fills the 
interstices between the portion of aggregate and the lime or cement 
fills those between the particles of sand, and so all spaces and 
gaps are prevented. This operation is one of extreme miportance 
and should never be done without proper supervision and great 
tiioroughness. 

The operation should take place for preference upon an old and 
smooth concrete floor, and failing that a platform of about 10 feet 
square composed of few and smooth and evenly jointed boards, 
raised a few inches above the ground level in order to prevent 
vegetable or earthy matter from being incorporated in the mass 
of concrete. For the sake of accuracy the matrix and aggregate 
should be measured by the use of gauge boxes, which are made 
without bottoms and according to the proportions decided 
upon. The larger box is first placed upon the mixing board or 
floor and filled with the aggregate and upon the top of this is placed 
the smaller box which is filled with the matrix. Both boxes are 
lifted off, leaving a heap of material, which should then be thoroughly 
turned over twice in a dry condition, and then twice in a wet 
condition, the water being added from a watering can fitted with 
a rose. When the particles of the mixture are thoroughly incor- 
porated with each other and none remain in a dry condition the 
concrete is ready for use and can be shovelled into wheel-barrows, 
and thence into trenches or wherever the work may be intended. 
It must be remembered that since cement sets quickly when mixed 
with water, no more than is necessary and sufficient for the day's 
consumption should be mixed at one time, as it cannot be used 
after leaving it mixed up from one day to the next. 

Lime used in building work should be freshly burnt and can be 
described in the following ways : — 
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1. Puie lime which sets on the ontnde, but diys without setting 

inside. 

2. Poor lime — a mixture with impurities which do not benefit 

its setting qualities. 

3. Grey stone lime — sightly hydraulic. 

4. Blue lias lime — eminently hydraulic. 

The term ' hydraulic ' denotes the capacity for setting in the 
absence of air, and as such limes as more difficult to slake thsm others 
they should be ground before use. 

Great care diould always be bestowed upon the choice of 
cement, and no hesitation should be shown in refusing any but that 
which ia clearly marked upon the bags in which it ia sold as * Best 
English Portland Cement.' A great quantity of inferior material 
comes from abroad, and is mostly of a natural type, by which is 
meant that it is taken out of the ground and packed for shipment 
in its raw state, irrespective of the fact that it contains a vast quantity 
of impurities which tend to neutralise its efficacy. Portland Cement 
is a British invention — ^not yet a hundred years old, and is made 
mostiy in Kent under tiie auspices of the Associated Portland 
Cement Manufacturers (1909) Limited. The choice and use there- 
fore of none but that clearly marked as * Best English Portland 
Cement ' will insure the correct proportioning and a satisfactory 
result. In the main, Portland Cement is made from two raw 
materials — chalk and clay — ^which are accurately proportioned 
and mixed together and tiien burnt until a hard clinker is pro- 
duced. This is then finely ground and forms the powder which 
is called Portland Cement. 

Concrete is usually measured by the yard cube, and for various 
uses should be proportioned as follows : — 



Kftirix 



AggngAte 



Reinforced Concrete 1 

Foundations, walls, arches ordin- 
ary floors and stairs . . 1 2^ 5 
Heavy walls, piers, etc. ..13 6 
Sealing to ground ... 1 4 8 

The materials used for one cubic yard of cement concrete pro- 
portioned as above are : — 

FroportioDs Portluid Cement Send Broken ICaterial 

lb. oaUo yvda oablo yards 

1:2:4 680 0*44 0-88 

1 : 2i : 6 485 0-46 0-91 

1:3:6 414 046 0-93 

1:4:8 320 048 0-96 

As tegaidB the water required, this should be as pure as possible 
and free from acids or strong alkalis. The bad quality of the water 
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frequently aflPects the strength of the concrete. The average 
quantity of water required for making concrete is from 21 to 24 
gallons per cubic yard of dry materiak. The aggregate should be 
broken sufficiently small so that no piece is too large to pass 
through a 2-inoh ring. 



Pbioes 



Per 



«. d. 



Excavation in common soils (earth or gravel) in 
trenches for foundations or drains, and part 
returned, filled in and rammed, not exceeding 

6 feet in depth yard cube 1 3 

Excavation as above and carting away whole „ 4 3 

Hard core filled in and rammed ... „ 2 6 

Levelling and ramming surface of excavation . yard super. 3 
Excavation to surface, average 6 in. deep and 

levelling and ramming .... „ 6 

Excavation to surface, average 12 in. deep and 

leveUing and ramming .... ,> 

Hard core 4 in. thick, filled in and rammed level „ 

„ o m. „ ,, ,, ,, ,, u 

,, v m. ,, ,, ,, ,, ,, u 

12 In. „ „ „ „ .. 10 

Cement concrete paving and floors (6 to 1) 3 in. thick 
•1 *• n »» ^ ni. ,, 



Cement conorete 
lime conorete 
Keene's cement 
Martin's cement 
Parian cement . 
Roman cement 



9 
4 
6 
8 



Gin. „ 

9 in. „ 

(yard cube) 12/0 to 14 

9/0 to 11 

bushel 3 

„ 6 

,. 3 

., 1 



10 
9 
9 


9 
6 
9 
9 



CHAPTER XVI 
BKicxs : STONXS : bbioklatxb's akd mason's wobk : 

BOOF OOVEBINOS 

Brioks and Briokwork. — ^It is not necessary to give here an 
account of the preparation of the brick esurth and the yarious 
processes it passes through in the production of brichs. It must, 
however, be clearly understood that bricks are either burnt in a 
clamp or in a kiln. 

A clamp is a stsick of raw bricks built up with flues to allow fuel 
to be burnt within the four-sided pyramid. These bricks are called 
' stocks/ and are generally used for the internal parts of walls, also 
in facing work where it is proposed to rough cast. For these 
purposes they are well adapted as, in addition to their strength, 
their rough surfaces provide a very useful key for plaster, ^th 
internally and externally. Picked stocks^-i.e. chosen for 
equality of colour are sometimes used for facings. A kiln is 
a specially prepared chamber of brickwork provided with 
properly formed flues, which hold from 20,000 to 50,000 bricks. 
The method by which a brick has been made can be determined 
as follows : — 

Hand Moulded. — ^Frog (i.e. depression rectangular in shape) on 
one side. Somewhat lacking in form and &iish, and porous. 

Machine Made. — ^Without frogs. Good in form and less porous. 
Harks indicating wire-cutting noticeable. 

Pressed Brides. — Smooth faces on some or all sides, clean and 
sharp angles. Frog on one or both sides. Trade mark visible within 
the frog. Even less porous than the above. 

Clamp Burnt. — Colour not uniform. Coke breeze visible either 
on surface or when the brick is broken across. 

Kiln BtiTfU.— Stripes on the sides of the bricks of light and dark 
colour. 

Varietios of BtUks.—GauU Bricks.— CompoeeA of Gault day. 

WhiU Suffolks and BeaH's Patent Bricks.— VmeUeQ of Gault 
bricks. 

Suffcik Bricks. — ^Made expressly for facings and are expensive. 
Of an inhospitable and cold colour. 

Bed Bricks. — Very hard and strong. 
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Dutch Clinkers, — Small, well burnt, and hard. Used for paving, 
and usually 6' X 3' x 1'. 

Adamantine Clinkers. — As above but harder, denser, and 
heavier. Pale pink in colour, with smooth surfaces. 

EnameUed Bricks, — ^White or yellow surface like china and are 
used in lavatories, dairies, &c. 

Salted Bricks, — ^Thin glazed surface produced by throwing salt 
into the fire during burning. 

Fire Bricks, — ^WUl stand excessive heat. Tellow in colour 
and close in texture. Used for ovens, furnaces, and the like. 

Attributes and Test of Good Bricks.— Shape and size regular and 
uniform; compact and flawless. On saturation should not absorb 
more than about 15 per cent, of their own weight of water, and 
should part with it freely at moderate temperature. Uniformly 
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burnt, and should give a metallic ring when two are knocked together. 
Should require several blows before breaking, and should stand 
carting and handling well. 

The size of a brick (9' x ^' X 3') is reckoned as including the 
mortar joint which should exactly make up for the discrepancy in 
size between the brick in the raw and after burning, as a certain 
amount of shrinkage naturally takes place. Good brickwork 
should show four courses to the foot vertically. 

The two most important bonds in brickwork— i.e. the method 
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of arranging the bricks in juxtaposition to each other in the succes- 
sive courses of a wall, are : — 

1. EngUsh-^stronger of the two. (See Fig. 177.) 

2. Flemiah — more pleasing in appearance. (See Fig. 178.) 

The English Bond, as will be seen in the diagram, consists of 

alternate courses of ' 

"■///////// 

flat or flci5W joif7f'Cd 

////////// 

V////////A 

lnacKori«i3t6er jaiTled (^mtct) 

V/////////Z. 

WTTTTTTTTT. 

I Keyed jOirTt". 

y //////////, 

77//////////. 

y////////////. 



alternate courses 
and * stretchers ' — ^i.e. bricks lud 
across the wall, showing their 
ends on the face of the wall in 
the alternate courses, and bricks 
laid along the wall end to end 
in the intermediate courses. 

The Flemiah Bond con- 
sists of alternate headers and 
stretchers in each course. 

As will be seen in the diagram, 
it is necessary, in order to 
prevent the vertical joints of 
one course coinciding with those 
of the courses immecfiately above 
and below, to introduce a 
'closer' which measures 2^ 
inches across and must occur 
as the penultimate member of 
every other course and at each 
end. 

The jointing material which 
is, of course, necessary to bind 
the bricks or any other kind of 
walling together may be either : 

1. lime mortar composed of 
2 to 3 parts of sand and 
1 part of lime ; or 

2. Cement mortar composed 
of 1 to 4 parts of sand 
and 1 part of cement. 

It must be remembered that 
whereas lime mortar benefits 
from being made and left for a 
few days, and then made up again, cement mortar must always 
be used immediately it is made, as when the cement has once 
set it is useless to break it down again. lime mortar should 
be composed of pure lime which is non-hydraulic, as the difSculty 
in slaking hydraulic limes renders the action likely to take place 
after setting, which results in small patches being blown out. 

Two cubic feet of sand, 1 of time, and 7^ gallons of water will 
produce about 2} cubic feet of mortar. 
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Gauged lime mortar, which is used on account of its capacity for 
setting quickly, is composed of 1 part of lime, 1 part of Pordand 
cement, and from 4 to 6 parts of sand. 

Pointing, which is the process of finishing the face jointing in 
brickwork, and gives a neat apx>earance, is shown in detial in 
Fig. 179. 

Bricks should be wetted immediately before use for the purpose 
of removing any dust thereon, also to prevent the dry brick absorbing 
moisture from the jointing material. 

The standard of measurement of brickwork is the Bod which 
equals 272 superficial feet at a brick and a half thick. In estimating 
the number of rods in a wall whose thickness is either 4^ inches, 
9 inches, 18 inches, and so on, it is a simple matter to reduce to 
terms of the standard tibickness as it will be seen that half a brick 
is one-third (0-33) of a brick and a half ; one brick is two-thirds 
(0-66) and so on. It is perhaps the simplest and quickest way to 
calculate as if the wall were the standard thickness and then 
to multiply tiie result by 0*33, 0*66, 1-33 as the case may be. 

The following data in connection with the measurement of a rod 
of brickwork wS\. be found useful : 

In one rod there are required: — 

272 feet super, at 14 inches (a brick and a half) thick. 
408 feet super, at 9 ' thick. 
306 cubic feet. 
11} cubic yards. 
4300 stock bricks. 

1 cubic yard stone lime and 3} cubic yards sand ; 
or 36 bushels cement and 36 bushels sand. 
126 gallons of water. 

The total weight is 14 tons. 

Aho — 330 bricks go to the ton. 

400 to 600 bricks go to the load. 
27 loads of mortar = 1 cubic yard. 

The next point of importance is that of preventing damp from 
penetrating brick walls both vertically and horizon^y. As no 
form of buSding material is in itself entirely waterproof, the thicken- 
ing of such in walls can only be a means of putting off the inevitable 
penetration to a slightly later date. It is necessary therefore to 
make provision at the outset for the complete prevention of this 
most damaging element. 

Firstly, it is possible to prevent the rise of damp from the soil 
through the foundation, by insulating the superstructure therefrom 
by means of a damp-proof course which should be laid throughout 
the wall both across and along at some littie distance — ^usually 
6 or 9 inches— above the ground level. It should be carefully noted 
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that this layer of damp-proof material should be placed in such a 
position that any floor timbers are above it and thus insulated with 
the rest of the superstructure. The most usual and efiEective 
methods in this respect are : 

1. Tar and sand. 

2. Old slates (two courses with joints broken) in cement. 

3. Rolls of asphalted felt. 

4. British asphalt ^ inch thick. 

5. Sheet lead, which, however, is too expensive for farm and 

estate work. 

To prevent the horizontal penetration of damp— -as from driving 
rain— the most usual safeguard is to build the wall in two sections, 
i.e. in a 9-inch wall, a space or cavity of about 2 inches is left between 
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the outer and inner sections of 4| inches each. This checks the damp 
and prevents it penetrating across the cavity to the inner portion 
of the wall. Such cavity should be commenced directly above the 
damp-proof course, and naturally necessitates the connecting together 
of the two sections of the wall. This is usually effected by the use 
of iron ties, which are built into the two walls at both ends and 
should occur at the rate of 1 in every 3 feet horizontally and 1 in 
every 18 inches vertically. The ties should be^either bent downwards 
in the middle or twisted so that the moisture that penetrates the 
outer portion of the wall shall not be conducted across the ties to 
the inner portion. 

Special stoneware bonding bricks are also used, the outer ends 
of each being built into a lower course than the inner end. These, 
however, are more expensive than the iron ties, which should be 
galvanised, or tarred and sanded to protect them from oxidation. 
Exactly the same method is used for walls of greater thickness than 
9 inches, but the distance from the outside face of the wall to the 
inside of the cavity filiould always be ihe same, i,e, the outer portion 



BRICKLAYER'S AND MASON'S WORK 



215 



of 8uoh a waterproof wall should always be 4} mchee, next to which 
comes the cavity and according to the necessary thickness of the 
wall so is it increased, but inwards from the cavity. 

A very effective method of waterproofing a wall in connection 
with the provision of a cavity jfrequently adopted in better-class 
work is to leave a cavity of about 1 inch wide which is filled, from 
time to time as the wall grows in height, with hot liquid asphalt, 
the internal joints being left fairly void in order to give the material 
a key to the brickwork. 

There are also methods of more or less rendering waterproof walls 
which are built without cavities, e.g. (1) rough casting, (2) vertical 
tiling or slating. 

In the case of rough casting the bricks can be any sound, 
well-burnt stocks, irrespective of colour, as such bricks, while quite 
strong, are usually rough-faced, and this is very useful in helping 
the rough-cast to adhere. This method — ^which is also known as 
' pebble-dashing ' and ' slap-dashing ' — ^is the coarsest kind of 
external plastering and is very durable if properly mixed. The 
wall is &8t plastered with a rough coat composed of 1 part 
Portland cement and 3 parts of sand, after which gravel, shingle, 
or other materials, such as spar, broken pottery, &;c., are thrown 
at it while it is soft. If tJie gravel is mixed and laid with the 
plaster there is a tendency in laying for it to tear the plaster 
away from the wall. If lune is substituted for Portland cement 
it should be weather-resisting and used hot. The face of such 
work is usually treated with a lime-wash in any colour specially 
preferred. 

Rough-casting or vertical tiling or slating is particularly useful 
in buildings whose walls are in part or entirely framed in timber. 
In such cases the outer surface of the timber framing is prepared 
for rough-casting with lathing and for tiling or slating with 
battens. 



Priobs 
{Free on rait) 



Rough stock bricks 

Picked stocks 

Facing bricks 

Blue Staffordshire bricks 

Stourbridge fire-bricks 

Paving bricks 

Brickwork in lime mortar 

„ „ cement „ 

Sand, pit or river 
Best Portland cement . 
Best ground blue lias lime 
Grey atone Ume . 



2S8. to Z28. per 1000 

350. to 408. 

45s. upwards 

£3 15tf. to £4 109. 

£4 

£3 

£14 per rod 

£17 „ „ 

68. to 8*. per yard cube 

37«. per ton or 28. per sack 

208. per ton. 



iiM8, per ron. 

lis. per yard cube 
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Damp couneB : 

1. Tar and sand 2d. per foot super. 

2. Slates in cement . 4d. ,, „ „ 

3. Asphalted felt . . 2d. ,, 

4. British asphalt 2 in. thick 4d. ,, „ „ 

Wall ties 3d. to Aid. each 

Vertical damp course of asphalt Sd. per foot super. 
Bendering, floating, and rough-casting 

with lime mortar on brick or stone la. 3d. per yard super. 

Ditto on kth 28. ,, „ ,, 

Bendering and rough casting with 

1 part Portland cement and 3 

parts sand f inch thick Is. 9d. „ „ „ 

Dashing with fine selected shingle . M. „ „ ,, 

Stonework. — ^It is not intended here to go very deeply into the 
question of building stone, but it is hoped that the important 
points touched upon may be of service for ordinary farm and 
estate purposes. To deal exhaustively with so important a depart- 
ment of building would naturally necessitate far greater space 
than could be devoted to it in a general treatise. 

It is of great importance that a suitable stone should be chosen 
for any work in hand, and one of the most likely faults is the inability 
to weather well. Durability is to be discovered principally by 
testing the porosity of a stone by soaking in water for 2A hours. 
After such treatment the increase in weight should not be more 
than i per cent, in the case of granites, 10 per cent, in the case of 
standstones, and about 16 per cent, in the case of limestones. There 
is no reason to suppose that because a stone is hard it will therefore 
prove durable as a building material, as it is quite possible that a 
preliminary test with a weak solution of sulphuric acid, or the more 
practical test of the elements, may prove it to be incapable of 
weathering well ; whereas another stone, which to the casual glance 
may apx>ear infinitely softer and less durable, may in its structure 
and composition possess ingredients which make for far greater 
lasting qualities. To the lay mind it may sound odd and unlikefy 
that such material as stone requires to be seasoned ; but such is 
indisputably the case, as there is a certain amount of sap, or what 
is known as ' quarry moisture,' which must be got rid of before the 
stone can be said to be ready for use in building work. 

There are four distinct groups in which building-stones may be 
classified, which are as follows : — 

1. Granites which are composed of quartz, felspar, and mica, 
and as the first-named ingredient is the hardest and most durable 
of the composition it follows that the granite containing the most 
quartz is the hardest and most durable building-stone. Granite 
ia used for heavy engineering work, and ia found in its best form in 
Scotland and Cornwall. The production of granite is due to the 
action of intense heat. 
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2. Slates are the product of enormoas pressure and are close- 
grained and compact, being composed of silica and alumina. Their 
formation enables them to be spUt into thin sheets producing either 
slabs for use iu cisterns, shelves, billiard table beds, &c., or still 
thinner sheets which are ultimately cut to various sizes for roof 
coverings. Though useful slates are found in a variety of districts, 
Wales can claim to have the greatest output of the better quiJities. 

3. Sandstones are composed of sand, which is bound together 
by some natural cementing material such as carbonate of lime 
or magnesia, and their durability greatly depends upon the latter, 
which may or may not be very subject to elementary action. Most 
districts can produce sandstone, but the best and most reliable 
varieties come from Yorkshire — ^whose best-known quarry, is, per- 
haps, Bramley Fall — ^Mansfield in Nottinghamshire, and the most 
durable of aU from Craigleith, near Edinburgh. 

4. Limestones are composed of carbonate of lime with a certain 
amount of silica, and may be either granular in texture or close- 
grained. As in the case of sandstones, Umestones are a common 
product of this country, but the best known are Bath Stone (from 
Box and Corsham), Portland Stone, Kentish Rag (which is hard, 
compact, non-absorbent and difficult to work), and x ellow Mansfield 
which is useful when carving is desired. Marble is a dense form 
of limestone which will take a high polish and comes chiefly from 
Purbeck, Derbyshire, and Devonshire. 

The difference in strength between a granite and a limestone 
wiU be readily understood by comparing the crushing weight per 
square foot, which is over 860 tons in the case of Craigleith stone as 
compared with under 100 tons in the case of Bath Stone. 

Stone walls are classified under three headings : — 

1. Rubble, which is unsquared and very frequently uncoursed. 

2. Block, in course consisting of larger but unsquared blocks of 

stone laid more or less in a similar way to that adopted in 
brick walls. 

3. Ashlar — ^that is, large squared and regular blocks carefully 

laid in courses which vary from 10 to 14 inches in depth. 

Pbiobs 



Bath Stone. DeUvered on road wagons. Railway Depot 
Portland Stone 
Mansfield Stone 
York Stone „ 
Granite (Aberdeen) 
„ (Ck>mish) 

Conerete Slabs and Bricks. — ^There is no doubt that concrete can 
be satLrfactorily used in place of stone and brick in the making 
of walls. In fact, there is a vast number of buildings, both urban 
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and rural, mainly consisting at the present time of concrete. The 
urban buildings can, however, be left out of the present question, 
since by reason of the nature of their use it is usual to combine the 
material with a great deal of steel in order to fit them for require- 
ments. The particular form of building walls of concrete consists, 
BO far as this volume is concerned, of blocks of varying size. It is 
possible to divide these into two classes— namely , slabs or blocks, and 
bricks. A new settlement, whose size is being increased annually, 
exists in Norfolk where the houses are entiroly built of concrete 
blocks and the roob made of concrete tiles. So long as the slabs areof 
reasonable dimensions and capable of easy handling it is not difficult 
to understand that much time and labour is saved in their use, but 
whereas these slabs of concrete, set on edge, are capable of standing 
great strain, let no one run away with the idea that a thin wall of, 
let us say, 3 or 4 inches will therefore be satis&ictory in every way. 
As far as strength is concerned such a wall is everything that can 
be desired, but there is the very important question of porosity 
to be considered. No concrete is waterproof, especially in thin 
sheets such as these, and it therefore becomes quite as important 
to provide for this contingency in the present case as in brick and 
stone walls, if not more so. It will be necessary then to build such 
walls with cavities as in brickwork and it also will be found necessary 
very carefully to work out the sizes of dabs or blocks required to 
form window and door openings and to have the moulds made 
accordingly. Such work ob vioudy requires the presence of some one 
whose knowledge and capability is somewhat greater than that 
which is sufficient to erect a building of brickwork. This necessity, 
however, should not really be regitfded as a complete stumbling 
block, as with the requisite ability of the man in charge buildings 
can be fashioned of concrete blocks most satisfactorily. 

Moulds of the varying and requisite sizes are first made of wood, 
care being taken that the inner surfaces which actually mould the 
wet concrete are either quite smooth or carefully marked with the 
reverse of the pattern which it is proposed shall appear on the face 
of the finished blocks. Though taking considerably longer to reach 
the stage fit for handling in any way, there is no doubt that wet 
concrete gives better resists than dry concrete in these cases. The 
concrete should be of a fairly fine nature consisting only of the 
smallest aggregate with sand and cement. The edges of each 
block should have grooves moulded in them, as the strength of the 
cement joint between two blocks will be greatly increased thereby. 
Colouring pigment can be introduced into the mixture of concrete 
according to individual taste, and by this means the cold, inartistic 
colour generally seen can be substituted by one which is far more 
pleasing to the eye, and which harmonises better with the natural 
surroundings. 

There are machines, which can either be hired or bought, for the 
purpose of making concrete bricks, and it is claimed for them that 
they can turn out an astonishing number of bricks in a week. This, 
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of course, is a tremendous asset in districts where ordinary bricks are 
impossible because of their prohibitive price (which is due to carriage) , 
as concrete bricks can be made very inexpensively by comparison 
and, except as regards their nattural colour, compare very favourably 
for building purposes with the kiln and clamp burnt variety. 

The above-mentioned point regarding porosity and the pene- 
tration of damp needs, of course, no consideration where internal 
partition walls are concerned, and in these positions concrete slabs 
are actually preferable to bricks, particularly on the score of cheap- 
ness and rapidity in use. 

A very common form of concrete used in the making of partition 
blocks is that whose aggregate is coke-breeze or pumice-stone. 
Either of these materials produces a strong, light concrete, which 
moulds very satisfactorily into blocks, which can be very easily 
handled, and, by reason of the great number of minute interstices 
on the face of tiiie blocks when set ready for use, plaster can be 
made to adhere even more readily than upon the face of brickwork. 
The cost of these blocks built into position is usually about 28. per 
yard super. 

CONORBTB UfFIEB FlOOBS 

As has already been mentioned, it is possible to substitute 
concrete for other material in a variety of ways. It is none the 
less true with respect to upper floors. It will be readily understood, 
however, that since the expense of such is greater than that of 
timber floors, the material in question can really only be considered 
when the importance of the work in hand merits extra outlay. 
There are, in fact, very few occasions when such extra expense can 
be entertained, but there is no doubt that satisfaction follows 
the taking of such as step in connection with the upper floor of the 
North Rwge when the size of the farm requires the outlay of some 
thousands of pounds in buildings and equipment. The two main 
points in favour of the use of concrete in the making of such floors 
are firstly, its fireproof propensities, and, secondly, its imperviousness 
to vermin, and therefore, to uncleanliness. 

In contradistinction to the composition of concrete in such 
positions as foundations, floors on the ground level, ftc. , it is desirable 
nay, even necessary, that it should be kept as light as possible where 
it has to be supported in spans over the room beneath. This effect 
is obtained by choosing for the aggregate such material as pumice- 
stone, coke-breeze, or fire-brick — ^the first two being eminently fire 
resisting and light to boot. 

Although the concrete arches may quite well be carried on 
timber girders at their springing, it is a wise precaution to eliminate 
from the construction all materials which are not fireproof. The 
supports should therefore be of steel in the form of girders between 
which either brick arches may be built carrying the concrete floor, 
or the concrete itself may be laid direct upon the timber centering, 
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which, of course, must be previously fixed, so that, when it is stripped 
off after the concrete has set, the latter will assume the correct 
arch form on the under side. The arched system of concrete floors 
is sufficient to deal with in connection with farm and estate 
buildings, being perfectly satisfactory for the purposes required 
without being prohibitive in cost. Nevertheless, it may be stated 
that there are other systems of concrete and steel floor oonstruction 
in several forms, the most recent and best known being what is 
called reinforced or armoured concrete. In this form of construction 
steel bars of varying diameter and shape are introduced into the 
body of the concrete, welding, together, both girders and floor in- 
to one homogeneous mass. 

The Arched Concrete Floor is in idea very similar to the usual 
type of double timber floor specified for important positions, such as 
granaries, &;c. — ^that is to say, the main forms of support are laid at 
intervals varying, according to circumstances, between 6 and 10 
feet apart, and having their bearing upon the walls at both sides. 
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Between these girders lie the sections which go to make up the 
total area of the floor, and which are composed of arched concrete, 
usually rendered on the upper side with cement, to provide a neat 
and clean finished surface. It is as well, in order to carry out as 
fully as possible the intentions towards cleanliness, to round the 
cement up where the floor meets the walls, so that all sharp corners 
are done away with, and the chances of the collection of what is, or 
may be, unclean yet further lessened. Since such floors are naturally 
considerably greater in weight th^m their timber prototypes, the 
weight that is concentrated at the points where the girders bear 
on the walls requires extra provision. This, however, is not a 
serious matter and can be dealt with by slightly increasing the 
dimensions of the brick piers which have to be provided in any case 
where a considerable load is concentrated and superimposed upon 
the walls at different points. 

Roof Coverings 

This question naturally covers a very large and varied choice of 
materials, each of which has its value in the different positions 
and circumstances which are met with when considering farm and 
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estate boildingB. The most important and usual are dealt with 
individually as follows. 

Slates.— Usually the thinnest are the best, the most usual sizes 
being: 

Ladies 16^ X 8-^ 



Viscountesses 
Countesses 
Marchionesses 
Duchesses 



16' X 10' 
20^ X 10' 
22' X 12' 
24' X 12^ 



The average pitch of slated roofs is from 25'' to 30'', according 
to the size of slates, the smaller sizes requiring the steeper pitch. 
They are hung with two nails, usually at the head, but sometimes 
in tke centre. The ' lap ' is the distance that one slate extends over 
the next but one beneath it, and varies, according to the exposure 
to which the roof is to be subjected, between 2} and 4 inches. The 
' gauge ' is the distance apart of the battens to which the slates are 
nailed, and of course varies according to the necessary lap. Slates 
may be nailed either to battens or to rough boarding, in which case 
what is called sarking felt is laid on the boarding before la3ring the 
slates. In order to find how many slates are required to cover a roof 
of stated area, divide the area of the exposed portion of one slate 
into one square (which is 100 square feet) and multiply the result 
by the number of squares of roofing to be laid. A certain percentage 
— say 6 — should be added per square for waste and breakages. At 
the junction of two slated slopes, either at the ridge or hip, it is usual 
to fix ridge-tUes and bed them in cement. Cement alone may be 
used as a ridge covering, being carefully finished in an even width 
and continuous jointless length. The absence of joint is a point in 
favour of this method, but the cement is liable to crack and altogether 
is not as satisfactory as ridge coverings such as have been mentioned 
above. In the case of valleys it is necessary to form the connection 
of lead which is shown in another chapter. 

Tiles are made of similar material to that of bricks but rather 
finer. Plain tiles measure 10|' x 7' x |' and benefit by having 
a slight curve in their length, which helps them to bite well on 
to each other. Holes for nails are made in the head before the 
tile is burnt and their fixing on the roof is similar to that of slates 
as regards battening, lap, £c. Frequently, however, wooden pegs 
are driven into the head holes and the tiles are hung instead of 
being fixed. In the latter case particularly, and frequently in any 
case, lime and hair mortar is used for bedding the tHes and forms 
an extra safeguard. In order to break the joint verge tiles are 
made the width of a tile and a half. Instead of nail or peg holes, 
a great many tiles are made with nibs or projections on the under 
side of the heads by which they are hung to the battens. 

Pantiles are of fiat S-shaped section and are used in inferior 
work and measure 14' x 9' x i'. By the method of laying, 
wherein the upper curve of each tile overlaps the lower curve of the 
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next, a series of ohannels or gutters is formed and extends from 
the ridge to the eaves, conducting rain-water away at once with a 
minimum chance of leakage. ^ TUs type of tile, however, is only 
used for piggmes, outhouses,' and the like. As all tiles are more 
absorbent than slates it is necessary that they should not be laid at a 
jSatter pitch than iS"*. 

Asbestos eement tUes are put on the market at the present time 
by a great many firms, and are all very similar. There are sundry 
points in favour of this type of roof covering. The tiles are the 
reverse of brittle, eminently poor conductors of heat and cold, 
inexpensive, very little more absorbent than slates (which means 
that a flat pitch is possible) , extremely light (which reduces the cost of 
roof timbers), and do not offend the eye. They can be procured 
in varying sizes up to about 2 feet square, and being smooth and 
even in manufacture they lie very flat together, forming good joints. 
Though they would scarcely be suitable for better-class work, such 
as moderate-sized residences, there is everything in favour of thdr 
use where economy has to be studied. 

Concrete tUes can be bought or home made, either by hand, 
in a mould, or by machine. The material for their composition 
must of necessity be fairly fine, and it is desirable that their exposed 
faces should be reasonably smooth. They can, of course, be made 
to any size to suit requirements and are about | to 1 inch tiiick, 
being moulded with either ribs for hanging or nail- and peg-holes. 

Corrugated iron sheets are an exceedingly satisfactory form 
of roof covering in the case of temporary or unimportant erections, 
owing to the rapidity with which they can be fixed or taken down and 
refix^. The sheets vary from 6 to 8 feet in length and 2 to 3 feet 
in width, and are fixed with galvanised iron nslls driven through 
punched holes to the timber bearers, which are spaced apart so 
that the sheets are fixed at two points, the bearers running at right 
angles to the sheets. The vertical lap is usually about 6 inches Sod 
the horizontal lap one corrugation. Where metal bearers are 
provided the fixing is made wiw small bolts and nuts. Owing to 
the impenetrabih^ of their surface to moisture corrugated iron 
sheets can be laid practically flat if desired, but on the oliier hand 
the conductive nature of the metal renders roof boarding necessary 
for any building which should be kept cool in summer and warm 
in winter. Uncorrugated pieces are procurable for covering ridges, 
hips, and valleys. 

Thatch is a material whose vermin and fire-attracting nature 
removes it from contemplation for any other purpose but that of 
effect. As this and its non-conductivity are, perhaps, its only 
assets, it is not proposed to dwell upon any explanation herein. 

Patent roof coverings, in the form of rolls of material whose 
composition consists lu*gely of rubber, distinctly have their uses, 
and can be obtained in various qualities. In their favour can be 
urged inexpensiveness, rapidity of fixture, lightness and non-conduc- 
tivity, but although it is claimed for them by the several patentees 
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that they poflsess great lasting qualities, the better class of building 
will be better served by beuig roofed with one of the first few 
materials mentioned. Again, in this case roof boarding is a necessity, 
which is an expense which can well be avoided by the choice of 
slates, patent or otherwise, and tiles as roof coverings. 

Pbioss 



SlaUs. Delivered at BaUway Depot 


£ «. 


d. 


20' X 10'. Best Blue Welsh per 1000 of 1200 


13 2 


6 


10 X o „ „ „ „ „ „ „ 


7 6 





Tikt. Delivered at Railway Depot. 






. Best plain red roofing . . per 1000 


2 2 





'• " „ Brosdey , 


2 10 





I Hip and valley tiles . per dozen 
:» Pantiles per 1000 


3 


7 


3 16 





Glass tiles each 


1 


4 


Asbestos cement tiles -with felt per square fixed 


1 15 


9 


Corrugated Iron. 






Per foot super. 16 gauge. .free on rail 





9i 


lO „ . . . „ 





n 


20 „ . . . „ 





6i 


22 





6* 



Ruberoid (3 feet wide by 72 feet long inclusive of acces- 
sories necessary for fixing — ^to cover 2 squares of 
roof) .... free on rail lis. 4d. to 349. 6d. 



CHAPTER XVn 

TDCBXB : OABPBNTBB*S AND JOINXB'S WOBK 



Tdcbbb 

It will only be found necessary to consider quite a few of the possible 
different sorts of building timber, and these are practically repre- 
sented by Baltic or Northern Pine, spruce, pitch pine, and oak. 
Of these, as will be seen from the following list, oak is what is 
known as a hard wood, the others being soft woods, a condition 
governed by their resinosity. 



Name 



Soft Woods 1 

Umb 



Red or Yellow Fir or General 

Northern Pine (Piniw work. 

eylvesiris or Scots joinery. 

Pine). 
American Pine {Pinua Joinery. 

rubra or Canada Red 

Pine). 
Pitch Pine (Pinua 

rigida). 



Wolgfat 
per&ft. 

Carpenter's ib. 
Best for 

31 

40 



Heavy engineering 
structures, also for 



Prio»p«r 

0. ftw 

(2 
] to 
(2 6 
3 



, 


ornamental joinery. 


45 


2 


6 


spruce (Abies excdsa 


CoTnmon joinery and 








or White Fir). 


floors. 
Hard Woods 


37 


2 





English Oak. 


Where strength and 
durability are re- 










quired. 


63 


6 





Americcm and Dantzio 


As above, but is not 








Oak. 


as strong. 


46 


4 


6 


Beech. 


Piles, wedges, and car- 










penter's tools. 


63 


3 


6 


Ash. 


Tool-handles. 


62 


4 


6 


Ebn. 


Piles and various car- 










penter's purposes. 


42 


4 






^ The following figures, which are for seasoned wood, oan only be taken as a 
gnide, as they are subject to variation. Prices are published weekly in the 
building journals. 





Haird vDOod^-'<ofUinued 


Name 


Ums Weight 
par eft. 
lb. 


Mahogany. 


Ornamental joineiy. 66 


Teak (Indian Oak). 


Treads of steps, floors, 
Ac. 47 
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Frioepar 
o.ft. 

(9 
] to 
(11 

11 

Market Forms of Timber.— Logs are trunks of trees with the 
branches lopped off. 

Baulks are the trunks which have been roughly squared. 

Planks are pieces 2 to 6 inches thick, 11 to 12 inches wide, and 
8 to 21 feet long. 

Deak are siimlar to planks, but 9 inches wide and not more than 
4 inches thick. 

Battens are similar to deals, bat only 7 inches wide. 

QuftUties in nmber. — ^The time taken in growing governs the 
density of timber. 

The lowest part of the tree produces the strongest timber. 

The sap should all be removed in satisfactory building timber. 

Heart and star shakes are cracks radiating from the heart. 

Gup shakes appear between, and separating, the annual rings. 

Dry Bot is caused by insufficient ventilation and a certain 
temperature combined, and is a fungoid growth. 

Wet Bot is caused by exposure for any length of time to moisture. 

A load of timber is 40 cubic feet of logs or unsquared, and 50 cubic 
feet of squared, timber. 

A Petersburg standard contains 165 cubic feet. 
A London standard contains 270 cubic feet. 
120 deals = 100. 

The following lists of marks are useful to remember : 

Swedish timber is stencilled on the end with bed letters or marks. 
Russian or Finnish timber is *diy stamped' or 'hammer 

branded,* producing small, uncoloured letters about 1 inch 

long. 
Norwegian timber is stencilled with blue letters. 
Canadian timber is stencilled with blagk letters. 

All timber for building purposes has to be seasoned, the result 
of using timber too soon iSter felling being that it twists and warps 
out of shape. Such defects are particularly noticeable in such 
imported finished articles as doors, windows, &c., from whose price, 
however (which is extremely low), such results can only be expected. 
Seasoning is effected by natural means, i.e. by stacking in such a 
way that the air can circulate freely. There are artificuJ methods 
of seasoning, such as hot air, boiling and steaming, which, however, 
are not as satisfactory as the natural way. 
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ProMTvaflon of timber oaa be effected in a variety of wajrs, such 
as the application of paint, tar, varnish, fto., and when the timber 
has to be used in unexposed or damp positions such methods as 
creosoting (immersion or impregnation with oil of tar), kyanising 
(impregnating with corrosive sublimate), bumetising (impregnating 
with bumettizine or chloride of zinc) are extremely effective, and 

when thoroughly done 
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in tiie case of properly 
seasoned timber have 
a lasting effect. About 
6 lb. of creosote will 
satisfactorily impreg- 
nate 1 cubic foot of 
fir timber. The best 
time for felling is at 
a season when the sap 
is at rest — ^i.e. during 
the winter months. 

Joints. — ^In the mul- 
titude of points in which 
timbers have to be 
jointed together when 
constructing a building 
the greatest amount of 
care has to be taken in 
assuring tiidr perfect 
efSciency, and for the 
various purposes re- 
quired a number of 
different methods have 
been evolved during the 
process of time. In 
order to understand 
these thoroughly a 
knowledge of practical 
carpentiy is distinctly 
advisable, although a 
fairly good idea can be 
gathereid from the ac- 
companying diagrams, 
illustrating at any rate 
those which are most common. These various joints will be met 
with repeatedly, not only in illustrations of different timber work, 
but, of course, also in practice. 

Floobs 

For all practical purposes floors may be classified under three 
headings : (1) Single ; (2) Double ; (3) Framed. 

Svnglt pioTi are, of course, the least intricate in construction and 
are snflBoiently strong for moderate spans— i.e. up to about 16 feet— 




Fio. 18S. 



CARPENTER'S AND JOINER'S WORK 



227 



*n 



il 









T 



v. 



3=r 

JtJ_ 




|5 
I 



fi 






I 



V xwop DmuMiHLA>*if 



2^ 



I 



228 



BUILDING CONSTRUCTION 



and are composed of joiBts which extend from wall to wall — ^into 
which they are built — across the shorter of the two superficial 
measurements. Thus if a Bjpace of 20 foot long by 10 feet wide has 
to be floored the joists would be laid across the 10-foot way, and, as 
a general rule, 12 inches apart from centre to centre. Tlie floor 
boards are then laid at right angles to the joists and forced together 
by mean of a cramp and nailed down into position. Where the 
under side of the floor is to be provided with a ceiling to the room 
underneath, the boards or lath and plaster used for this purpose are 
usually attached to the under side of the joists. In better-class work, 
however, separate ceiling joists are provided and fixed independently 
of the floor joists above, thus ensuring the ceiling against damage 
due to cracking when any possible great increase of weight is super- 
imposed on the floor above. These ceiling joists are usually 2 inches 
thick and | inch deep for each foot of span, the minimum depUi 
being 3 inches. In order to stiffen the floor joists a series of 

Types or SounoPROonnG Methods 




Fio. 184. 



herringbone strutting should be introduced, so that no greater length 
than 6 feet is unsupported in this way. 

It is desirable, if the expense can be afforded, to render floors 
sound-proof. This is effected either by (1) Separate ceiling joists ; 
(2) Felt which is nailed to the top of the joists before laying the 
floor boards ; (3) Sound boarding and pugging as shown in the 
diagram — the pugging being composed of silicate cotton or similar 
material; or (4) Special slabs of slag wool sandwiched between 
wire-netting 1 inch thick and attached to the under side of the 
joists — the ceiling being laid immediately on the under face of 
the slabs. (See Fig. 184.) 

In the case of ground floors, the scantling of the joists may be 
considerably reduced by the provision of what are known as sleeper 
walls about 6 feet apart built at right angles to the joists. It 
therefore follows that no area is too great for a single floor so long 
as it is on the ground level and has sufficient sleeper walls to lessen 
the span of the joists. The sleeper walls are provided with wall 
plates as their topmost members, which are bedded on the bricks 
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in cement or lime mortar, and the joists are spiked to them. (See 
Fig. 180.) 

Any openings which have to be left in floors—as for hearths and 
well-holes for staircases — ^require special treatment, and, as will be 
seen and understood from the accompanying plans, the joists have 
to be trimmed and supported with what are called trimmers, which 
in their turn are supported by trimming joists. Both of these 
necessarily cairy extra weight and therefore must be made a little 
wider than the ordinary floor joists. This increase in width is 
generally reckoned at ^ inch extra for every trimmed joist. The 
most usual type of joint used to secure the latter to the trimmer 
and the trimmer to the trimming joist is that known as a ' tusk 
tenon and mortise,' as illustrated in the diagrams of the Single 
Floor. 

Where floor boards meet stone, tile, or concrete hearths, ftc., 
they should be provided with glued and mitred margins, as shown. 
The thickness of these margins should be equal to that of the 
floor boards and 3 or 4 inches wide. 

At the point where the floor boards meet the walls, boards with 
square, chamfered, or moulded edges, called skirtings, are usually 
fixed to cover Hub joint neatly. (See Fig. 193.) The depth of t&e 
skirting naturally varies in different classes of work, and can be 
from 6 inches upwards, and from | inch to 1^ inch thick. The 
b^t method of fixing is by nailing to a horizontal ground fixed 
to the wall just below the top of the skirting and rebating the 
lower edge into a groove in the floor boards. 

Double floors differ from single floors in that there are two sets 
of bearing timbers. The joists being supported upon binders, ajid, 
as the latter support the entire weight of the floor, they are laid 
across the width of the room, the joists being laid upon and at right 
angles to them, having a cogged-and-spiked joint to keep them in 
place. The binders are usvudly laid from 8 to 10 feet apart and 
are specially built into the walls at each end in a similar manner to 
the tie-beam of a truss—i.e. on stone or concrete templates. Usually 
the wall has to be strengthened where the binders are built in, 
and such is done by builcOng brick or stone piers in the necessary 
positions. 

Thus the floor is divided up into bays, each of which can be 
considered separately when calculating the scantling of the ordinary 
floor joists. As for the scantlings of the binders tiie following wffl 
be found useful for reference : — 



OlMT qitB 


Widih of Unte 


DvlitotbiBte 


10 feet 


8 inches 


8 inches 


12 „ 


10 ., 


« ., 


14 ,. 


10 „ 


8 ,. 


16 „ 


11 


8 ,. 


18 „ 


12 


n .. 


20 „ 


H » 


12 „ 
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For floor joista :— 






6 feet 


6 inches 2 inches 


8 ,. 


7 . 


3i .. 


10 „ 


7* . 


a ,. 


12 „ 


8* . 


a .. 


14 „ 


9* . 


2 „ 


16 „ 


m . 


2 ,. 


18 „ 


12 . 


2 ., 


20 .. 


12 , 


3 .. 



Framed floors have yet one more additional set of bearing 
members, which can be eitiier of timber or of steel — ^usually the latter. 
This additional or third set of bearers again reverses the direction 
of the floor joists. Since the girders will now support the entire 
weight of the floor tiiey are laid across the width of the room» 
supporting the binders which are laid at right angles to the girders. 
The method of construction in each case will be seen from the 
accompanying plans. In double and framed floors, where the weight 
is concentrated upon the side walls at only a few points, care must 
be taken that solid wall exists vertically downwards from tiiose 
points as such openings as windows and doors materially reduce the 
supporting strength of the wall. 
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Types or riooRiriG Janis 

Fig. 1S7. 



There is a variety of possible ways of jointing floor boards 
aocorcUng to different ideas and circumstances. These are shown 
in the accompanying diagrams (Fig. 187). It should be borne in 
mind that when timbers, such as floor joists, purlins, rafters, ftc, 
are laid over several points of support their capacity for canning 
any superimposed weight is about twice as much as when cut into 
short lengths. 
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Tabk of ScanUinga for Timber Oirders 

OlMa ip«n Width of girder Depth of gixdar 

10 feet 10 incheB 7| inches 

12 „ 11 „ 8 

14 „ 

16 „ 

18 „ 

20 „ 

24 „ 

26 „ 

The usual weights to which floors are subjected are as follows : — 

Ordinary dwelling houses . l}cwt. per foot super. 

Workshops and public halls . . • 1^ ,» »» » 

Heavy goods stores and factories . • 2| „ „ „ 

Prices 1 Inch thidk li inoh thick 

Deal flooring, rough ploughed 

andtongued . 21«. 6c2. per square 26«. per square 

Oak Flooring . . 90^. ,, 100«. ,, 

Pitch Pine .... 44b. ,, 60s. „ 

Sound Boarding on fillets . 2ls. ,, 

Single floors, including plates, joists, floorboards and 

skirtings 90^. per square 

Double and Framed Floors the same, adding cost of binders and 

girder. 

I" 1" li" 

Skirtings, square .Id. Sd. Od. per foot super 

„ moulded Sd. lOd. la. „ „ „ 

Herringbone strutting .... 4(2. per foot run 

Pugging, 2 inch thick coarse stuff . . 6^. per square 

„ wirework slabs . . . la. 3cl. per yard super. 

Glued and mitred heiurth borders . 4^. per foot run 

Roofs 

In deciding upon the roof with which any building is to be 
covered, the construction thereof practically depends upon two 
things : (1) The span ; (2) The nature of the matericd to be used 
for covering. In respect of the first point it will be readily under- 
stood that as the span increases so will it be necessary to make 
more adequate provision for the support of the roof. 

The lean-to root is the simplest form and requires but little 
explanation, as it consists only of rafters 3 or 3^ inches by 2 inches, 
laid about 12 inches apart, and secured at both ends to wall plates 
set in or upon the walls. Such a roof is sufficiently strong for a 
span of 8 feet, but for a greater span a purlin should be added, 
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which will act as a midway support for the rafters, and is laid at 
right angles thereto, and rests on the wall at each end. The purlin 
should be about 6 inches by 4 inches. 

Couple roofs are those in which the rafters rise similarly from 
each side wall and meet on either side of a ridge board, their pitch 
having, of course, previously been decided upon according to the 
nature of the proposed covering. For a span of 12 feet such a 
roof will stand perfectly well, and the rafters would be 4 inches by 
2 inches. 

Couple-elose roofs are in construction similar to couple roofs, 
except that they are strengthened by tlie addition of light tie- 
beams which secure the foot of each rafter with that of the one 
opposite and are fixed immediately above the wall plate. When the 
span exceeds 12 feet purlins are introduced as before so that no 
length of rafter is left unsupported for a greater distance than 8 feet. 

Collar-beam roofs are similar in idea to the last named, but 
instead of the ties being fixed at the feet of the opposing rafters 
they are placed about halfway up, which allows of greater height in 
a room. This type of roof is particularly used in small houses and 
cottages whose first fioor rooms having ceilings which are partly 
sloping. The foregoing roofs can be used up to a span of 18 feet 
as explained, and an example of a coUar-beam roof will be found 
in Fig. 216. When the span is greater than 18 feet it is 
advisable to provide much greater support, and this is done by a 
truss which is triangular in form and occurs at points varying from 
8 to 10 feet apart. Trusses act as supports to the roof by supporting 
the continuous purlins and ridge board. 

The King Post Roof TruM is the first and simplest type, consisting 
of a horizontal timber — ^the tie-beam— from which at each end the 
principal rafters start at the angle at which the roof is to be, and 
meet the head of the central or vertical member — ^the king post. 
Additional support is provided at the points where the principal 
rafters carry tne purlins by the introduction of struts. The tie- 
beam is built into the wall and rests upon a stone or concrete template 
whose function is to spread the weight of the roof which the truss 
imposes on the wall. As shown in the drawing of the king post 
roof truss (Fig. 190), the principal rafters and the head of the 
king post are secured together on both sides by a three-way iron 
strap in addition to the mortise-and-tenon joints. Again at the 
foot of the king post extra security is provided in its junction with 
the tie-beam by another iron strap. This joint, which is also mortised 
and tenoned, can be tightened up at any timel^y means of the wedges 
which, as will be noticed in the drawing, are provided in the dot 
cut at the top of the iron strap. 

For spans of from 30 to 36 feet it is advisable to again increase 
the strei^^ of the truss by the introduction of two queen posts in 
the place of one king post. Roughly, the queen post roof truss 
may be considered as a king post truss which has been cut vertically 
and transversely in half, the two halves separated according to the 
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span and the spaces thus left between the heads and feet of the 
two halves of the king post filled in with extra length of tie-beam 
at the feet and what is called a straining beam at the heads. It 
will also be seen from the roof truss in Fig. 185 that an extra 
pm'lin is introduced at the head of each queen post whose lowest 
point coincides with the back of the queen post and the upper side 
of the straining beam. Both in the king post and queen post 
trusses the purlms are a£Forded some means of support at the sides 
where they pass over the trusses in the shape of wooden blocks called 
cleats and firmly spiked to the timbers upon which they rest. 
The three-way straps at the queen post heads and the lower straps 
round the tie-beams are used as in the king post truss. In a great 
many cases the span and necessary scantlmg of the tie-beam in a 
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queen post truss renders that member extremely expensive, in which 
case it is possible to obtain quite satisfactory results by making the 
tie-beam in two halves which can be jointed together in one or two 
different ways, the most usual and effective being the ieiman 
seoff joint wherein the line of the joint is sloping and the bolt holes 
made to coincide by means of a pair of wedges in the centre. The 
bolts should never be put in centrally in a row, as the plates upon 
which the nuts are tightened are thus liable to buckle down that 
Une. Alternate spacing as shown in the diagram (Fig. 191) should 
be chosen. 

The roof truss in Fig. 183 differs from the true king post truss, 
in that the king post is replaced by an iron king rod provided 
with a heknet or cap into which fit the principid rafters. This 
form of truss, which tHU be readily understood from the drawing, has 
the merit of being cheaper than a king post truss, and is also 
more efficient. 

Although timber roof trusses can quite satisfactorily be used in 
oases where the span is 40 feet or even more, it is advisable for all 
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spanB over 36 feet, and particularly in the case of farm bnildinga, 
to abandon timber in favour of steel, which form of roof truss is 
dealt with in another chapter. 

There are, however, several ways of combining the two materials 
and forming what are called composite trusses whose name is 
legion, as they may be more or less constructed to suit individual 
oiicumstances. 

(For the treatment of rafters in the case of windows rising out 
of the roof slope and of louvres, see Windows, p. 246, and Louvies, 
p. 246.) 

DOOBS 

There are various possible forms in which doors can be made, 
but it will only require a very little experience to know which to 
specify according to requirements. As they vary in construction 
from extreme simplicity to more intricate form it is only natural 
that they increase in cost. 

A Ledged Door which is suitable for outhouses, earth closets, Ac., 
is formed of horizontal ledges to which the battens or boards are 
nailed. These are usually } inch or 1 inch in thickness and the 
battens have a longitudinal joint with each other, being grooved 
and tongued together. The opening in the wall must first be 
provided with a door-frame consisting of vertical posts and a head 
piece called the lintel, all usually of 4^' x 3' timber having 
a rebate into which the door fits. In cheaper work it is possible 
to use posts and lintel about 2^ inches thick, and to form the rebate 
by nailing a slip about ) inch thick along tliem. The door is then 
hung to one of the posts by means of cross garnet hinges, the other 
post being utilised for the fastening catch or bolt staple. 

A Ledged and Braeed Door is similar in construction to the 
above, but is made stronger by the addition of diagonal braces, 
whose feet should be on the hanging side of the door, and the heads 
on the opposite side. This affords the greatest amount of staren^ 
by strutting up the side of the door, which, by reason of its not bemg 
fastened or supported in any way tends to drop. The joints of the 
braces with the ledges should be noticed. A very usual method ct 
securing door and window frames to the walls is by driving galvanised 
iron holdfasts into wood blocks or breeze bricks, which have been 
built into the jambs of the openings at certain points. The holdfasts 
are made with flat heads centrally drilled to form screw holes. 

It will be noticed that neither of the preceding types of doors 
has any framing and their existence is entirely dependent upon 
the securing of ttie battens to the ledges, without either of which 
they could not stand at all. 

A Framed and Braeed Door is the first of a stronger, more expen- 
sive and serviceable type of door, and, as will be seen in the diagrm, 
is composed of two vertical and three horizontal members which 
are framed together with mortise-and-tenon joints, and upon which 
the door is primarily dependent for its ability to open and shut, the 
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braces being added merely for extra strength, and the battening 
in order to render it sight- and weather-proof. This is the type of 
door most frequently specified in farm buildings, and as it, axiid all 
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subsequent modifications of framed doors, are heavier than the 
two first named, it is advisable that the feet of the posts should be 
secured by iron dowels, which are round, pencil-shaped pieces of 
galvanised iron about 3 inches long and } to | inch in diameter, half 
tiiek length being let into the feet of tiie posts and half into the 
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stone or wood upon which the poets rest. It is a simple matter to 
admit light through such a door by omitting part of the upper 
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Fig. 194. 



boarding and providing an extra rail, in which case the upper 
brace would require to be kept below the extra rail, and the rectangle 
or square thus formed between the top and extra rails is glazed in 
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th6 Qsaal way. When it is deniable that saoh a door ahall open 
and abut in me usoal way its weight generally necessitates the use 
of hooks and bands in the place of cross garnet hinges. The hooks 
are either attached through screw holes in a back plate to the 
hanging post or are made with sharp tails which enable them to be 
driven m to the hanging poet. The hooks are then bolted along their 
length to the top and Ix^ttom rails and are provided with ends which 
are forged to fit over the hooks. In farm buildings it is frequently 
more convenient Ihat doors should open and shut by sliding back- 
wards and forwards, and whether they be large or small doors of 
the framed and braced type, the most satufactoiy method of 
arranging the sliding action is by fixing metal bands, of similar 
dimensions to those just mentioned, vertically to the door at the 
top of the hanging and meeting styles. The straps in this case are 
fitted above the head of the door with small grooved wheels which 
fit over and roll on an overhead rail, which is fixed to a piece of 
timber securely incorporated with the wall above. In order to 
keep the foot of the door to the line on which it is intended to run 
to and fro the underside of the bottom raQ may either be grooved 
to fit over a projecting bead of metal set in concrete or fastened 
to a timber in the ground, or it may be found sufficient fix in the 
ground three or four projecting guides. 

Framed and Panelled Doors belong chiefly to internal work, and 
are more highly finished and in some cases extremely ornamental, 
with moulding and artistic panelling. The braces are omitted, 
giving place to a central vertical member known as a 'muntin* which 
is plMed between the top and middle, and the middle and bottom, 
rails. The most usual door of ttus type has four panels, but these 
may, of course, be as numerous as individual taste or particular 
con<Utions require. It will be seen that the rails and muntins are 
responsible for dividing the door up into rectangles, and it is these 
latter, which are pandUed either with single thin sheets of wood 
or with panel boarding, or again with gle^, where it is desirable 
that the door shall admit the Ught. The usual method of intro- 
ducing the panels is by rebating the edges of the styles, rails, and 
muntins, and placing the panel therein, securing it with nails, screws, 
or glue, and covering the joint with a length of beading or moulding. 

Sash Doors are principally used for entrances, and are glaz^ 
in the upper part. The styles, as shown in Fig. 194 are usually, 
diminished at the middle rail, and glazing bars can be framed in, 
if the design requires several small panes of glass. 

Windows 

This is a question to which due attention must be given, since 
not only is it one of hygienic importance, but abo one of appear- 
ance. Particularly does this latter point affect the question 
when house-building is under contemplation. It is possible in the 
main to divide windows into two classes : (1) Casement ; (2) 
Double-hung sashes. The first type can be looked upon as the 
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moat ooQTenient, particularly because of the simplioity of constRus- 
tion, and therefore the lesser likelihood of the wuodows getting out 

POUBIX nuNc 

;3Aon WiNPow. 







3ccnoN. 




PLaj^, 



^cALK mttA 



FiQ. 196. 



jOFftrr 



of order. It is, of course, not possible to make a sweeping assertion 
that any special type of window will in all cases be Uie oest ; for 
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individual taste has always to be reckoned with. The construction 
of the two types will be understood from the accompanying illus- 
trations. As regards the casement windows, care should be taken 
to make them of convenient size to open and, wherever possible, 
provide upper or transom lights which are hinged at the top and 
open outwards. This precaution surmounts a very usual difficulty 
ftxiflting in the case of such windows during high winds and rain, 
since to open the windows at all, means that the aperture must 
exist throughout their height. The transom lights, however, are 
hung to open in such a way that ventilation is provided without 
causing considerable drau^t and admitting the wet. Whereas 
double-hung sashes are made of ranging sizes to suit requirements 
in different rooms and yet have the appearance of matching each 
other, casement windows should be made up of multiples of the 
same size light. For example, the size of a casement should be 
decided upon — say 3 feet high and 1 foot 9 inches wide. A water 
closet will require perhaps only one of these, but a sitting-room 
four or even five. It is merely a matter of increasing tiie total 
window space light by light, each unit of which is 3 feet by 1 foot 
9 inches. 

The glass chosen for windows will vary in thickness according 
to the size of the panes. The larger the latter are the heavier will 
it be necessary to specify the glaiss, and in large sheets the glass 
should be as thick as ^ inch. The usual weights of glass sold and 
specified are 15 oz., 21 oz., 26 oz., and 32 oz. per square foot. 
Heavier glass than these weights are known as plate glass. Any 
of the various weights of glass can be procured in muffled or obscured 
variety, and are used in positions such as water closets, bath-room 
doors, ftc., where it is desirable that light should be admitted, but 
that it should not be possible to see through. In better-class glazing, 
the glass should first be sprigged firmly in position by means of 
small metal tacks and then secured with putty. 

It is frequently necessary to construct windows for rooms on 
upper floors which rise out of the roof slope, and are not placed in the 
main wall of the house. In this case die treatment of the rafters 
is very similar to that of the joists in a floor, where they are trimmed 
round a fireplace or staircase opening. That is to say, they are 
trimmed so that a recess may be formed giving sufficient headroom 
to approach the vertical space in which the window is fixed. The 
framing is built up round this vertical space and the window itself 
fixed very much in the usual way, and overhead, where the recess 
projects horizontally away from the slope of the roof, either a 
separate little gable or a flat zinc or lead roof is constructed. 

In the case of what is known as a roof light or dead light such as 
is often constructed in the roof of a stock-house or loft, tiie raiters 
are trimmed out leaving a rectangular opening, which is first of all 
lined with boarding 1 to 1} inches thick, and the light fixed to the 
upper edges of the lining at a height somewhat above the level 
of the slates or tiles. The four sides of the lining above the roof 
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are then drened with lead to make a watertight joint. The lig^t 
may, of course, be fixed or made to open and shut from inside 
and hinged at the top. Roof lights are made with the lowest 
sheets of glass projecting slightly over the bottom rail of the 
frame, which is theiefore made rather thinner than the sides and 
the top. 

Louvres for ventilation, as may be seen in the drawings of the 
cowhouse, are simple in construction and may be made either in 
one continuous length or in separate and smAUer lengths. Again, 
in tins case the rafters require to be trimmed, and it is usually the 
trimmers on either side of the ridge level which act as bearers for 
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the uprights. A head runs along the tops of the upri^ts and 
forms a wall plate for the rafters of the small roof. The louvre 
boards themselves are fixed into grooves, cut at an angle in the 
sides of the upright posts (usually at about 45°), and are arranged 
on the system t^t ike top of one is on a level with the bottom of 
the one above. Since the trimmers, which are also bearers, are 
acting as ridge boards to the rafters of the main roof, it is, of course, 
necessary to block them apart at intervab of about 4 feet. 
Vertical louvres may also be constructed in walls, in which case 
the frame is built into the wall in a similar way to that of a window 
and the louvre boards fixed as above. 
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STAmCUSBS 

For the purposes of this work, dealing as it does with simple 
and straightforward questions on farms and estates, it is not 
necessary to cany the explanation of staircase construction farther 
than is suflScient to make clear two different ways of constructing 
the means of getting from one floor to another. One of these is 
the usual type, known as ' dog-legged,' found in small houses and 
cottages ; the other of simple construction and specially adapted 
for use in such positions as North Range buildings and the like. 

A dog-lagged staircase is one which for part of its length rises 
in one direction, and for the rest returning parallel and in the 
opposite direction to the first part, leaving no space between those 
two parts . These two parts are called * flights ' ajid, as a rule, should 
not contain more than twelve steps. As will be seen from the 
diagrams, steps are frequently constructed at the turn of the 
staircase in order to reach the required height as quickly as possible. 
When not necessary for this purpose these * winders,' as they are 
called, should be omitted and substituted under most ideal conditions 
by a flat area called a * half space.' If this latter be divided into 
two parts by a step at right angles to the flights, those parts are 
called * quarter spaces.' It frequently happens that the width 
of the chamber containing the staircase is wider by some feet than 
the two flights together. In this case the staircase is termed 
Open Newel. A point which has to be considered in the construction 
of stairs is the passage up and down, not only of furniture, but also 
of a cofSn. Two persons should also be able to pass ea^ other 
convenientlv, and for these purposes it is wise never to build stairs 
less than 2 feet 9 inches in width. The pitch of stairs will naturally 
vary with the space at disposal, steepness increasing as the sise 
of the houses decreases. The comparison of the breadth of the 
* tread ' (which is the part upon which the foot is placed) with 
the height of the * riser ' (i.e. the vertical distance between each 
step and the next) is given as foUows : 
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Newels are the posts— either moulded or square— at the bottom, 
top, and turns of a staircase. Between and securely flxed to them 
runs the ' outer string ' to which runs parallel the inner or ' wall 
string,' which is secured to the wall containing the staircase. These 
two strings form the support for the steps which are fitted into 
horizontal grooves and tightened by wedges. The risers are also 
provided with grooves in the strings, and are jointed with the treads 
above and below. Triangular blocks are slued at the back of the 
riseis and the under side of the treads to keep them together, and 
the treads usually project by about 1 inch over the risers, giving a 
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little extra space for the foot without taking up any more of the 
available length in which the stairs are to be oontained. In some 
oases rough bearers are fixed from the top of each flight to the bottom 
to support tiie steps across their width. These are, of oonrse, 
hidden from sight by the outer string. The handrail is fixed — at a 
convenient he^t bom and parallel to the pitch of the stairs — 
to the newel posts on the outer side of the stairs, and the space 
between it uia the top of the outer string provided with square or 
turned * balusters ' at small intervals. l%e under side of the sturs 
may either be lathed and plastered or boarded, or it may be enclosed 
to form a cupboard. Iliis latter method is, perhaps, the most 
convenient and satisfactory in small houses and cottages, where 
space is limited and cupboards valuable. 

The type of stairs for a North Range is simpler than the above, 
as it need only consist of outer and inner or wall strings, treads, 
neweb, and handrail. The treads are made from 1| to 2 inches thick, 
with rounded noses and tenoned and housed into the strings. 
The absence ol risers or any obstruction between each tread provides 
more room for the foot when mounting the stairs. Care should be 
taken to construct such stairs of ample width — 3 feet as the 
fninimiim — and not too steep or narrow in the tread, as th^e will 
be considerable traffic up and down of labourers in heavy boots 
and frequently shoulder-laden. The extra outlay in the construc- 
tion of a convenient and easy staircase may in all probability be a 
means of saving the expense of broken arms and I^ga — ^to say 
notiiing of neck^belonging to careless employ&i. 

Pabtitions 

It is very often necessary to divide a space into two or more 
small rooms where either economy has to be studied or, in the 
case of an instance on an upper floor, when there is no wall directly 
below upon which to support the construction. In either case 
the substitution of timber in the form of framework surmounts the 
difficulty. As far as this book is concerned, the majority of cases 
will be adequately provided for, by a Common Partition which, as 
will be seen from the diagram is composed of a head and cill, vertical 
members called * studs * which are stiffened by two or three rows of 
soUd strutting called * nogging pieces,* and an opening for a doorway. 
The whole framing is lathed over and plastered, producing a light 
serviceable wall of about 6 inches thick. Common partitions 
should be supported eitiier at right angles to and upon the Aoox 
joists or centridly along one single joist. There is another method 
of supporting the partition when its position between the joists 
cannot be avoided ; this is by placing bridging pieces between the 
two joists, and then supporting the cUl of the partition at intervals 
along its length. 

m contradistinction to the above type of partition which, 
as explained, derives its support from the floor upon which it rests, 
the Truaaed Partition is s^-supporting in that it is composed of a 
head and a cill, each of which is similar in function to the tie-beam 
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of a xoof truss, Le. they are built into the waU at each end and rest 
upon templates. The construction between the head and the cill 
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further resembles the king post or two queen posts of a roof truss* 
as will be seen from the diagram. Struts do not, however, occur 
as in a roof truss, being substituted by a series of studs as in the 
common partition, with nogging pieces to act as stiffeners. 
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Another method of building a partition which has no wall under- 
neath to act as a support, but which, of course, does not rightly 
come under the heading of this chapter, is a simple construction of 
a rolled steel joist, sup|K>rted at each end in the walls, and a 4| inch 
brick wall built upon it. 

The framing which is used for containing walls, as in small- 
holding farm buildings, upper floors of cottages, and other places 
where economy has to be studied, is very similar to the ordinary 
common partition, with the addition of extra strengthening braces 
which are introduced diagonally and pass through about four 
vertical studs each. In l^e case of an external timber-framed 
containing wall the laths and plaster are, of course, omitted in 
most oases, being substituted by vertical tiling or slating, weather 
boarding, &c. The surface can also be rough cast as before 
explain«l, in which case the battens are fixed as if for internal 
plastering. 

Half'tifnbered work is similar in idea to that just described, 
except that the framing is stronger and of better clasis timber which 
shows in the face of the building and makes for artistic appearance. 
The spaces between the timbers may either be filled in with brick- 
work, tiles, or rough cast. The wood in half-timbered work should 
be of oak as it is exposed to the weather. Pine is sometimes used, 
but is not as satiirfactory as oak. 

P&IOBS 

Boofe, including fir rafters, boarding, felt, slates or 

tiles, flashings, &c. . . per square 5 10 

Boof trusses, reckoned extra, the timber being cubed 

up and priced as before quoted. 
Doors (deal) complete with frames, furniture, and 

painting .... average per sq. foot 026 
Windows, complete with frames, furniture, painting 

and glazing : Casements per sq. foot 2^. 6d. to 3 
Double-hung Sashes per sq. foot 3 
Roof lights (inclusive) . . per sq. foot !«. 6d. to 2 
Louvres (see Priced Bill of Quantities of Double CSow- 

house). 
Staircases. 3 feet wide . . per tread and riser 17 6 

3 feet 6 inches wide „ „ ,» „ 12 

4 feet wide • »> n »i »i 16 
Common Partitions. Plaster both sides and paper 

per square 3 
Trussed Partitions. (Add for trusses to above.) 
Half-timbered work. Cube up all timber and add for 
any brickwork, rough cast, Ac. 
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SuoH an important subject as hygiene can well be dealt with at great 
length and in a volume entirely to itself, as it includes suc^ an 
ixdSnite variety of departments, important points, and vital neces- 
sities. However, it is intended here to deal as briefly as possible with 
all such points as are of the greatest importance in farm buildings* 
which include the dwelling-house for the purpose of this chapter. 

In order to provide, not only for the well-being and healthy 
condition of all stock, but also for the hygienic production of such 
an important product as milk, every point which makes for perfect 
sanitary conditions must be remembered and provided for. Venti- 
lation is a question which will naturally assail the mind first of all, 
and there is no doubt that this is the point of premier importance. 
Both in stables and cowhouses— and, indeed, in all stock-houses which 
are closed at night — due provbion must be made for the admission 
of fresh air. Inlets at the rate of one per head of cattle or horses 
and measuring 9 inches by 3 inches should be provided in the 
waUs at a low level, some 6 inches or a foot above the ground level, 
and some form of outlet for vitiated air should be provided in the 
roof. A single cowhouse, loose boxes, stables of reasonable size, 
and the like can be adequately and inexpensively ventilated in 
this way by raising the alternate or every third ridge tile, and 
setting it upon those at each side, as shown in the drawing of the 
stable building ; but in larger enclosed areas, such as double cow- 
houses and covered yards, it is more satisfactory to build a separate 
ventilator of the louvre variety at the top of the roof. This may 
either be continuous throughout the roof, as shown in the drawing 
of the double cowhouse, or formed in separate erections. Cubic air 
space again is an important point and there should be no doubt, 
when bmldiug a stock-house of any description that it will contain 
a capacity at the rate of 60O to 800 cubic feet per beast. The 
variance just given is applicable to catde, as it is necessary to provide 
more air space in a cowhouse whose occupants spend their entire 
lives therein than in one which ia used only for milking and at 
night. The dimensions of stalls need not be given here, as they 
are shown on the plans of the various buildii^. In yards and 
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boxes the floor areft ahoold admit of there being about 160 square 
feet per head, in order to obviate overcrowding. Light is almost 
as important as any other factor and without it no stock-house can 
be said to be in a thoroughly sanitary and hygienic condition. 
It may be provided in a variety of wajrs : (1) By windows in the 
walls ; (2) By roof lights or slgrlights, which may or may not be 
made to open ; (3) By glass tiles, which is an inexpensive and quite 
satisfactory method; (4) By gla^mg the roofs of louvre ventilators— 
this is also a fairly inexpensive means of obtaining light. In the 
majority of cases surrounding buildings and adjacent covered yards 
make windows in the walls an impossibility — at any rate for the 
purpose required — ^which leaves the choice between the methods of 
lighting in the roof. But in any case the provision should be at the 
rate of 2 square feet of glass per head of live stock. 

We next come to the question of drainage, and there is no doubt 
that the most perfect system of conducting liquid manure out of 
stock-houses is by means of open-drain chwnek whose inclination 
is made sufficient to cause a reasonably quick flow. The dimen- 
sions of those in stock-houses, stables, &c., will be found on the 
various drawings. In the case of covered yards where there is no 
possibility of the rain washing the richness out of the accumulated 
litter, straw and dung, no drdn will be required, as the manure is 
from time to time removed and used on the land in all its valuable 
richness. But from those points in the farm buildings where liquid 
manure has been conducted out of stock-houses, &c., 4-inch drain 
pipes should be laid with a fall of 1 in 40, leading either to a main 
system of drainage or to a liquid manure tank, whose contents will 
idtimately be us^ on the land. It is important in the laying of all 
drain pipes that the vertical and horizontiEd line should be kept per- 
fectly true and straight and where any bend or taXL occurs an inspec- 
tion chamber should be provided (Fig. 202, p. 256). It is preferable 
to lay all drain pipes in concrete, but in any case the greatest care 
must be observed in jointing and what is known as ' alignment * — 
i.e. the bore of one length coinciding with that of the next, so that 
there is no ridge caused by eccentric laying. GuUey traps are 
usually provided at the inlet to any drainpipe, and are so constructed 
that were is alwajns a liquid seal, which prevents the stench from 
re-entmng the place whence the liquid manure originates. Inter- 
cepting traps, of a similar construction as regards the prevention of 
the return of gases, should be provided at any points where small 
branches join main drains or sewage tanks, and it is alwajns necessary 
to ventilate any reasonable length of drain by providing fresh air 
inlets and foul air outlets. The former are fitted mth a &p usually 
made of mica which, since it only opens inwards, prevents any 
action but the inlet of fresh air. The foul air outlets are merely 
pipes, which should be attached to any near vertical surface such 
as trees or buildings and taken up to a sufficient height to insure 
the escape of the foul air into the upper atmosphere well above any 
neighboariog building. A type of useful liquid manure tank is 
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shown in Fig. 204, and the size of such will naturally vaiy with the 
capacity required. 

Speaking generally, the most desirable conditions will be bound 
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to exist in all stock-houses if the byelaws which are made to govern 
those farms where milk is sold are faithfully obsenred in all cases, 
whether the milk be sold or not. A copy of those Regulations is 
set out hereafter, and will naturally vary, though very slightly, 

under various local authorities. 
The same may be said of the bye- 
laws in connection with dwelling 
houses and domestic buildings, 
and though it is happily not 
necessary to enforce such rigid 
rules in rural as in urban districts, 
it is nevertheless year by year 
making for the decrease of disease 
and better condition of the poor 
and labouring classes that such 
can only be built subject to the 
approval of sanitary authorities 
in every district. 
Very much the same points are of importance when considering 
dwelling houses as are patent in all hygienic provisions for stock- 
houses. That is to say, adequate ventilation, light, cubic air space 
and floor area are each of great necessity, and though frequent)^ 
the amount provided in each case is well in excess of the require- 
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mentfl of the bydaws, those laws form a yery helpfol basifl upon 
which to go to work in building labourers* cottages, &o. Unfor- 
tunately it is a fact that in several cases where such buildings are 
adequately furnished with sanitary and hygienic contrivances, the 
effect of the latter is nullified by the occupants. Ventilators are 
stopped up, flues blocked with sacks filled with shavings, windows 
kept shut, baths used for seed potatoes, and such like outrages against 
p^ect sanitation and cleanliness. However, these foibles of the 
dass in question are unlikely to be cured, and one can but at any 
rate make all due and timely provision, whether the occupants 
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choose to benefit therefrom, and thus better their condition, or whether 
they revert to type. It is only possible to be sure that childrcoi 
and animals will derive the benefit accruing as a result of byelaws 
framed for their good, and that the elders and * betters ' will do 
likewise can but be a vague and constant hope. 
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IncqMction chambers (acooiding to size and depth) £3 to 
Diflconnecting traps, brown ware 4"", Ss, ; 6' 

Gullies 4^ and S'' outlet 

6'and4^ ,. 

9-'and4^ „ 

Manure tanks per cubic foot 

Glass tiles i" thick IS'' x T, each 6d. ; 16"^ x 8^ each 
20" X 10^ each lid. ; 24" x 12", „ 

Air inlets to drains „ 

Roof lights . .per foot super. 1}", lOd. ; V 



MODEL REGULATIONS ISSUED BY THE LOCAL 
GOVERNMENT BOARD 

XIX. — ^Daibibs, Cowsheds, akd Milk-shops * 

Ifemomndufn 

Article 13 of the Dairies, Cowsheds, and Milk-shops Order of 1885, 
issued by the Privy Council in pursuance of Section 34 of the 
Contagious Diseases (Animals) Act, 1878 (41 and 42 Vict., c. 74), 
provides that 'a Local Authority may from time to time make 
regulations for tiie following purposes, or any of them : — 

* (a) For the inspection of cattie in dairies. 

*(6) For prescribing and regulating the lighting, ventilation, 
cleansing, drainage and water-supply of dairies ud cowshedi 
in the occupation of persons following the trade of cowkeepers or 
dairymen. 

' (c) For securing the cleanliness of milkH9tores, milk-shops, and 
of milk- vessels used for containing milk for sale by such persons. 

* (d) For prescribing precautions to be taken by purveyors of 
milk and persons selling milk by retail against infection or oon- 
tamination.' 

The following provisions apply to any regulations so made : — 

* (1.) Every regulation shidl be published by advertisement in a 
newspaper circulating in the District of tiie Local Authority. 

* (2.) The Local Authority shall send to the Privy (Council [now 
Local Government Board] a copy of every regulation made by them 
not less than one month before the date named in such regulation 
for the same to come into force. 

' (3.) If at any time [the Local Government] Board are satisfied 
on enquiry, with respect to any regulation, that the same is of too 
restrictive a character, or otherwise objectionable, and direct the 
revocation thereof, the same shall not come into operation, or shall 
thereupon cease to operate, as the case may be.' 

(iSfee Article 14 of the Order.) 

• Reprinted by permisdon of the CSontroller of His Majeity'tStotioiieiy Office 
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The expreesion * Local Authority ' means (outside the Metropolis) 
the GouncU of any Urban or Rural District, and includes the Ck>uncil 
of a Ck>uiity Borough. 

By the operation of Section 9 (1) of the Contagious Diseases 
(Animals) Act, 1886 (49 and 50 Vict., c. 32), the jurisdiction of the 
Privy (Council under Section 34 of the (Contagious Diseases (Animals) 
Act, 1878, and the Dairies, Cowsheds, and Milk-shops Order of 1886, 
has been transferred to the Local Government Board. 

After consideration of the Report of the Royal (Commission on 
TuberculoBiB,^ a model series of regulations has been prepared by 
the Board for the guidance of (Coimcils in making r^ulations undor 
the Order. 

The model has been framed with close regard to the terms of 
Article 13 of the Order, which determines the matters that can be 
dealt with by r^ulation. Under other Articles of the Order local 
authorities have large powers of control over persons following 
or proposing to follow the trade of cowkeeper, dairyman or purveyor 
of milk, but in framing regulations the Boiurd consider that the 
precise terms and limitations of Article 13 must be borne in mind. 

It will be seen that No. 8 of the Model Regulations, which deals 
with the question of air space in cowdieds, does not apply to cow- 
sheds the cows from which are habitually grazed on grass land 
during the greater part of the year, and, when not so grazed, are 
habitually turned out during a portion of each day; and it is 
obvious that a regulation on this subject, which might be adapted 
to cowsheds in towns, where the cows are kept and fed within the 
building, might be unsuitable for cowsheds in the country where 
the cows are r^plarly grazed on grass land during the greater part 
of the year, and are during the rest of the year usually turned out 
for a portion of each day. 

The Royal (Commission, in their reconmiendations, drew a 
distinction between the rules which should be observed on this 
subject as regards cowsheds situate in populous and those situate 
in non-populous places, but no indication was given as to the means 
by which this distinction was to be made, ^e clauses suggested 
by the Board, however, seek to give effect to the recommendations 
of the (Commissioners by recognising that which probably con- 
stitutes the chief difference between cowsheds in town and cow- 
sheds in the country, viz. : that in the one case cows are kept 
entirely, or as a rule, indoors, and that in tiie otixet cows are usu- 
ally turned out to graze, and by Hiatingiiinliing between the two 
classes of oases. 

It will be noticed that No. 4 of the Model Regulations which 
provides that every cow-keeper must cause every cowshed in his 
occupation to be sufficiently ventilated, and for this purpose to be 
provided with a sufficient number of openings into the external 
air to keep the air in the cowshed in a wholesome condition, applies 
in both classes of cases. 

^ ParliameDtaiy Pap« (0. 8824), 1898. 
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For the parpoee of enf orcixig any QideEB made uoder Section 34 
of the Contagious Diseaeee (Anunals) Act, 1878, and any Hsgaiat- 
taona made hereunder, Section 9 (4) of the Gontagioiu Diseaeee 
(Animak) Act, 1886, provides that : — 

'The Local Authority and their officers, for the purpose of 
enforcing the said Orders and any regulations made tiiereunder, 
shall have the same right to be admitted to any premises as the 
Local Authority, within the meaning of the Public Health Act, 1875, 
and their Officers have, under Section 102 (rf that Act, for the purpose 
of examining as to the existence of any nuisance thereon ; aiui if 
such admission is refused the like proceedings may be taken, with 
the like incidents and consequences as to orders for admiBsion, 
penalties, costs, expenses, and otherwise, as in the case of a refusal 
to admit to premises for any of the purposes of the said Section 
one hundred and two, . . . 

'Provided that nothing in this section shall authorise any 
person, except with the permission of the Local Authority . . . 
to enter any cowshed or other place in which an animal affected 
with any disease is kept, and which is situate in a place declared 
to be infected with such disease.' 

The terms of Section 102 of the Public Health Act, 1875 (38 and 
39 Vict., c. 55), are as follows : — 

' The Local Authority, or any of their officers, shall be admitted 
into any premises for the purpose of examining as to the existence 
of any nuisance thereon, ... at any time between the hours of 
nine in the forenoon and six in the afternoon ; or in the case of 
a nuisance arising in respect of any business, then at any hour when 
such business is in progress or is usually carried on. 

* If admission to premises for any of the purposes of this section 
is refused, any justice on complaint thereof on oath by any officer 
of the Local Authority (made after reasonable notice in writing dt 
the intention to make the same has been given to the person having 
custody of tiie premises) may, by order under his hand, require the 
person having custody of the pr^nises to admit the Local Authority, 
or their officer, into the premises during the hours aforesaid, and 
if no person having custody of the premises can be found, the justice 
shall, on oath made before him of that fact, by order under his hand 
authorise the Local Authority or any of their officers to enter such 
premises during the hours aforesaid.' 

• ••••• 

As to the consequences of disobedience to an order of justices 
for admission of the Local Authority or any of their officers, and the 
costs and expenses connected with the order, attention may be 
directed to Sections 103 and 104 of the Act of 1875. 

With regard to penalties for offences against the Regulations, 
Section 9 (5) of the Ck>ntagious Diseases (Animals) Act, 1886, 
provides that : — 
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* The like penaltieB for ofiFenoeB against . • . regulations made 
for the purposes of Section 34 of the [Contagious Diseases (Animals) 
Act, 1878], as amended by this section, may be imposed by 
the . • . Local Authority making the same, and such offences may 
be prosecuted and penalties recovered in a summary mann^, and 
subject to the like provisions, as if such . . . regulations were bye- 
laws of a Local Authority under the Public Health Act, 1875, . . .' 

In connection with this enactment, reference may be made to 
Sections 183 and 251 to 264 (both inclusive) of the Act of 1875. 

The Board's confirmation of any r^ulations which may be made 
by the Council will not be required, but if at any time the Board are 
satisfied on enquiry with respect to any regulation that the same is 
of too restrictive a character, or otherwise objectionable, they may 
direct its revocation (see Article 14 (3) of the Order of 1885) ; and 
the Board suggest tlxat the draft of any regulations which the 
Council may propose to make should be sent to them for con- 
sideration b^ore the regulations are formally adopted. Forms 
for this purpose with wide margin will be supplied by the Board 
on application. 

8. B. Fttovis, 

Secretary. 
Local Government Board, 

10th June, 1899. 



NoTS.—- /I Uniggetkd thai <my Local AfUhorUyproponngU>nuJ» 
(Am wbjeei should apply to the Local Oovemmeni Board for draft forms on tohieh 
to submit ihe regulations for the eonsideraiion of ihe Boards before they are adopted 
by ihe Local Authoriiy. 

REGULATIONS made by the^ 

WITH BBSFlBOr TO DlIBIBB, COWBHBDS, ANB MiLK-SEOPS 
INTHl* 



InierpreUaum. 

1. Throughout these regulations the expression * The Council ' 
means the^ , 

the expression ' the District ' means the * 



> ' ICsyoTt Aldenneo, and Burgesses of the Borough of • soting 

by the Ck>iinoil ';or* Urban {or Borsl) District Connoil of ' ; 

as the ease may be, 

* 'Bocongh,* or 'Urben (or Bmal) Bistriet of »* as the case 

}be. 
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the expreeeion 'Cowshed' includes any dairy m which milking 
cows may be kept, and the expression 'Cowkeeper' means any 
person following the trade of a cowkeeper or dairyman who is, or is 
required to be, registered under the Dairies, Cowsheds, and Milk- 
shops Order of 1886. 

For the itupeetion of CatUe in Dairies. 

2. Every occupier of a dairy wherein any cattle may be kept, 
and which the Medical Officer of Health, or the Inspector of 
Nuisances, or any other officer of the Council specially authorised 
by them in that behalf, may visit for the purpose of inspecting 
cattle, and every person for the time being having the care or control 
of any such dairy, or of any cattle therein, shall afford such Medical 
Officer of Health, Inspector of Nuisances, or officer, all reasonable 
assistance that may, for the purpose of the inspection, be required 
by him. 

For prescribing and regvJaJUng the Ughting, venHlationy eleansingy 
drainage, and taUer supply of cowsheds and deUries in the 
oeeupaiion of Persons folhwing the trade of Cowkeepers or 
Dairymen. 



PlBT I. 

The Regulations in this Part shall apply to Cowsheds the cows 
from which are habitually grazed on grass land during the greater 
part of the year, and, when not so grazed, are habitually turned 
out durix^^ a portion of each day. 

Lighting. 

3. Every cowkeeper shall provide that every cowshed in his 
occupation shall be sufficiently lighted with windows, whether in 
the sides or roof thereof. 

VentUaiion. 

4. Every cowkeeper shaQ cause every cowshed in his occupation 
to be sufficiently ventilated, and for this purpose to be provided 
with a sufficient number of openings into tiie external air to keep 
the air in the cowshed in a wholesome condition. 

Cleansing. 

5. (L) Every cowkeeper shall cause every part of the interior 
of every cowshed in his occupation to be thoroughly cleansed from 
time to time as often as may be necessary to secure that such 
oowahed shall be at all times reasonably clean and sweet. 
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(2.) Such person shall cause the ceiling or interior of the roof, 
and the walls of every cowshed in his occupation to be properly 
limewashed ttvice at least in every year, that is to say, once during 
the month of May and cmce during the month of October, and at 
such other times as may be necessary. 

Provided that this requirement shall not apply to any part 
of such ceiling, roof or walls, that may be properly painted, or 
varnished, or constructed of or covered with any material such 
as to render the limewashing unsuitable or inexpedient, and that 
may be otherwise properly cleansed. 

(3.) He shall cause tike floor of every such cowshed to be 
thoroughly swept, and all dung and other offensive matter to be 
removed from such cowshed as often as may be necessary, and not 
less than once in every day. 

Drainage. 

6. (1.) Every cowkeeper shall cause the drainage of every 
cowshed in his occupation to be so arranged that all liquid matter 
which may fall or be cast upon the floor may be conveyed by a 
suitable open channel to a drain inlet situate in the open air at a 
proper distance from any door or window of such cowshed, or to 
some other suitable place of disposal which is so situate. 

(2.) He shall not cause or saSer any inlet to any drain of such 
cowshed to be within such cowshed. 

Waier Supply. 

7. (1.) Every cowkeeper shall keep in, or in connection with, 
every cowshed in his occupation a supply of water suitable and 
sufficient for all such purposes as may &om time to time be reason* 
ably necessary. 

(2.) He shall cause any receptacle which may be provided for 
such water to be emptied and thoroughly cleansed from time to 
time as often as may be necessary to prevent the pollution of any 
water that may be stored therein, and where such receptacle is used 
for the storage only of water he shall cause it to be properly covered 
and ventilated, and so placed as to be at all times readily accessible. 



Pabt n. 

The regulations in Part L, and also the following regulation, 
shall apply to all Cowsheds other than those the cows from which 
are habitually grazed on grass land during the greater part of the 
year, and, when not so grazed, are habitually turned out during 
a portion of each day. 

8. A cowkeeper shall not cause or allow any cowshed in his 
occupation to be occupied by a larger numbcor of cows than wiU 
leave not less than eight hundred feei of air space for each cow. 

8 2 
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Provided as follows : — 

(a.) In calculatmg the air space for the purposes of this 
regulation, no space shall be reckoned which is more than sixteen 
feei above the floor ; but if the roof or ceiling is inclined, then 
the mean height of the same above the floor may be taken as the 
height thereof for the purposes of this regulation. 

(6.) This regulation shall not apply to any cowshed constructed 
and used before the date of these regulations coming into effect, 
until two years after that date. 

Part m. 

9. In this Part, the expression * Dairy ' means a dairy in wbkk 
cattle are not kept. 

Lighting. 

10. Every cowkeeper shall provide that every dairy in his 
occupation shall be sufiBciently lighted with windows, whether 
in the sides or roof thereof. 

Ventilation. 

11. Every cowkeeper shall cause every dairy in his occux>ation 
to be sufficiently ventilated, and for this purpose to be provided 
with a sufficient number of openings into the external air to keep 
the air in the dairy in a wholesome condition. 

Cleanaing. 

12. (1.) Every cowkeeper shall cause every part of the interior 
of every dairy in his occupation to be thoroughly cleansed from 
time to time as often as may be necessary to secure that such dairy 
shall be at all times reasonably clean and sweet. 

(2.) He shall cause the floor of every such dairy to be thoroughly 
cleansed with water at least once in every day. 

Drainage. 

13. (1.) Every cowkeeper shall cause the drainage of every 
dairy in his occupation to be so arranged that all liquid matter 
which may fall or be cast upon the floor may be conveyed by a 
suitable open channel to the outside of such dairy, and may there 
be received in a suitable gulley communicating with a proper and 
sufficient drain. 

(2.) He shall not cause or suffer any inlet to any drain of such 
dairy to be within such dairy. 

Water Snpphf. 

14. (1.) Every cowkeeper shall cause every dairy in his occupa- 
tion to be provided with an adequate supply of good and wholesome 
water for the cleansing of such dairy and of any vessels that may 
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be used therein for oontaining milk, and for all otiher reaeonable 
and neceesary purposes in connection with the use thereof. 

(2.) He shaU cause every cistern or other receptacle in which 
any such water may be stored to be properly covered and ventilated, 
and so placed as to be at all times readily accessible. 

(3.) He shall cause every such cistern or receptacle to be emptied 
and thoroughly cleansed from time to time as often as may be 
necessary to prevent the pollution of any water that may be stored 
therein. 

Vor Securing the Cleatdineas of MUh-StoreSf MUk-Shopa^ and of 
Milk-Vesaela used for corOaimng MUk for Sale by Persona 
following the trade of Cowkeepers or Dairymen. 

Cleanlineea of MiUe-Storea and MUk-Shope. 

15. Every occupier of a milk-store or milk-shop shall cause 
every part of the interior of such milk-store or miOc-shop to be 
thoroughly cleansed from time to time as often as may be necessary 
to maintain such milk-store or milk-shop in a thorough state of 
cleanliness. 

CleanUnesa of Milh-Vesaela. 

16. (1.) Every cowkeeper shall from time to time as often as 
may be necessary cause every milk-vessel that may be used by 
him for contaaning milk for sale to be thoroughly cleansed with 
steam or clean boiUng water, and shall otherwise take all proper 
precautions for the maintenance of such milk- vessel in a constant 
state of cleanliness. 

(2.) He shall, on every occasion when any such vessel shall have 
been used to contain milk, or shall have been returned to him after 
having been out of his possession, cause such vessel to be forthwith 
so cleansed. 

For prescribing precautions to be taken by Purveyors of milk and 

Persons sdling milk by retail against infection or contamination. 

1*7. (1.) Every purveyor of milk or person selling milk by retail 

shall take all reasonable and proper precautions, in and in connection 

with the storage and distribution of the milk, and otherwise, to 

prevent the exposure of the milk to any infection or contamination* 

(2.) He shiJl not deposit or keep any milk intended for sale — 

(a.) in any room or place where it would be liable to become 

infected or contaminated by impure air, or by any offensive, 

noxious, or deleterious gas or substance, or by any noxious or 

injurious emanation, exhalation, or effluvium ; or 

(b.) in any room used as a kitchen or as a living room ; or 
(c.) in any room or building, or part of a builcUng communi- 
cating directly by door, window, or otherwise with any room 
used as a sleeping room, or in which there may be any person 



266 BUILDING CONSTRUCTION 

Boffering from any infectioas or contagious disease, or iduch 
may have been used by any person suffering from any such 
disease and may not have been properly disinfected ; or 

(d.) in any room or building or part of a building in which 
there may be any direct inlet to any drain. 
(3.) He shall not keep milk for sale, or cause or suffer any such 
milk to be placed, in any vessel, receptacle or utensil which is not 
thoroughly clean. 

(4.) He shall cause every vessel, receptacle or utensil used by 
him for containing milk for sale to be thoroughly cleansed with 
steam or clean boiUng water after it shall have been used, and to be 
maintained in a constant state of cleanliness. 

(6.) He shall not cause or suffer any cow belonging to him or 
under his care or control to be milked for the purpose of obtaining 
milk for sale — 

(a.) unless, at the time of milking the udder and teats of 
such cow are thoroughly clean; and 

(b.) unless the hands of the person milking such cow, also, are 
thorough^ clean and free from all infection and contamination. 

Pen/oUies. 

18. Every person who shall offend against any of the foregoing 
regulations shall be liable for every such offence to a penalty d 
five pounds, and in the case of a continuing offence to a further 
penalty of forty ahiUinga for each day after written notice of the 
offence from the Council. 

Provided, nevertheless, that the justices or court before whom 
any complaint may be made or any proceedings may be taken in 
respect of any such offence may, if they think fit, adjudge the 
payment as a penalty of any sum less than the full amount of the 
penalty imposed by this regulation. 

Commencement of the Segtdaiiona.^ 

19. These rpgulations shall come into force on and after tiie 
day of 19 . 

Sevocaiion of SeguUUiona.* 

^ ^ 20. From and after the date on which these regulations shall 
come into force, all regulations heretofore made under, or having 
effect in pursuance of the Dairies, Cowsheds and Milk-diops Order 
of 1885, shall, so far as the same are now in force in the district, be 
revoked. 

> The date to be inserted in thiB clause ehonld be one which will admit o 
compliance with the requirements of Article U (2) of the Dairies, Cowsheds, and 
liilk-shops Order of 1885. 

* If this clause is not included in the series submitted to the Local GoTcnunent 
Board for approval, it should be stated whether or not there are any regulatioDS 
in force upon the subject. 
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MODEL BYELAWS ISSUED BY THE LOCAL 
GOVERNMENT BOARD 

IV. — (RUBAL DiSTBIOTS) * 

Memoraniwn. 
Model Byxlaws as to Nsw BuiLDiNas Ain> obbtain mattibs 

IN OONNBOnON WITH BUILDINOS IN RUBAL DiSTBIOTS. 

1. The authority to make byelaws for regulating new streets 
and buildings and matters connected therewith is conferred on 
Urban District Councils by section 167 of the Public Health Act, 
1876, and section 23 of the Public Health Acts Amendment Act, 
1890. 

2. Rural District Councils are not directly authorised to make 
such byelaws, but can obtain power to make some or all of them 
in the following wa3r8 : — 

(i.) A Rural District Council can, by adopting Part m. of the 
Act of 1890, acquire power to make byelaws upon the 
subject-matters referred to in paragraph 3 below ; or 

(ii.) A Rural District Council may make application to the 
Local Gk>vemment Board to be invested with such of the 
powers conferred by the sections as they deem suitable 
to their district, or to any one or more contributory 
places within it. Such an application can be made whether 
the Council have adopted Part m. of the Act of 1890 or 
not. The mode of making such an application is dealt with 
in pcuragraph 7 below. 

3. The powers obtained under section 23 of the Act of 1890 
where Part m. has been adopted, or where the provisions of that 
section have been put in force by an Order of the Board, enable a 
Rural District Council to make byelaws on the following subjects : — 

(1) The structure of walls and foundations of new buildings for 

purposes of health; 

(2) The sufficiency of space about buildings to secure a free 

circulation of air ; 
^ (3) The ventilation of buildings ; 

(4) The drainage of buildings ; 
^ (6) Waterclosets, earthclosets, privies, ashpits, and cesspools 
] in connection with buildings ; 

(6) The closing of buildings unfit for human habitation ; 

(7) The structure of floors ; 

(8) The height of rooms to be used for human habitation ; 

(9) The keeping of waterclosets suppUed with sufficient water 

for flushing ; 

* Reprinted by pennianon of the ContaoUer of Hi! liajeity's Stationeiy Office. 
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(10) The alteration of bnOdings ; 

(11) The observanoe and e^oroement of sach byelawa by 

requiring noticea and plana. 
4. It has been represented to the Board that it would be naefol 
if a series of model byelaws were framed, dealing only with the 
sabjects which are most in need of reralation aSod control in a 
rural district from a sanitary point of view, and omitting the 
additional requirements usually found in a code of byelaws in 
force in an urban district. The Board have, ther^ore, drawn up 
the accompanying series of model byelaws. They are confined 
to matters affecting health, and are limited to the subject-matten 
numbered (1) to (6), (9) and (11) in paragraph 3 above. 

The Board are not in a position to advise as to what byelaws 
are needed in particular rural districts. The responsibility rests 
with the Rural District Council in each instance of determining, on 
consideration of the circumstances of their district, what bydaws 
(if any) they wiU propose to make. The model is intended to serve 
as a guide to them in dealing with the most important sanitaiy 
requirements in connection with new buildings. It must not be 
regarded as excluding the adoption of further provisions, where 
these are found to l^ necessary, dealing with tiie other matters 
mentioned in section 23 of the Act of 1890, or in section 167 of 
the Act of 1876. Portions of many rural districts are distinctly 
urban in character, luid the development of building is constantly 
changing the aspect of the country, and it devolves on Rural District 
Councils to endeavour to apply to the several parts of their districts 
such regulations as the circumstances may, from time to time, seem 
to require. The present series contains no clauses dealing with 
questions of stability or the prevention of fire, or with the level, 
width, and construction of new streets. These are all matters 
that may properly be regulated in portions of rural districts which 
are assuming an urban character, and circumstances may arise 
which may render it necessary to deal with one or more of them 
even in less closely populated areas. Where more comprehensive 
byelaws are considerod to be necessary for the whole or any part 
of the district, the Rural District 0)uncil may be referred to the 
model series prepared for use in urban districts. They should 
carefully study the clauses and select those that are appropriate 
to the needs of the district, or the portion of it under consideration. 
In this connection it may be mentioned that a series of byelaws 
may be made for part only of a contributory place where the 
circumstances justify this course. The part should, however, be 
very clearly defined by a well recognised boundary line. 

6. The following notes indicate the subject-matter of the 
several clauses included in the model series : — 

Byelaw 1 defines certain terms used in the byelaws. 

Byelaw 2 provides for the exemption of certain buildings from the 
byelaws. Special attention may be directed to the sub-division (A), 
the effect of which is practically to exclude from the operation 
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of the bydawB all bttildings whioh are not dweUing-houses, or used 
wholly or partly for human habitation, or as a place for the habitual 
employment' of any person. Thus the erection of buildings for 
agricultural purposes, and outbuildings such as a plant house, 
orchard house, summer house, poultry house, tool house, ftc, 
is wholly unrestricted, except that they should not encroach on the 
open space required to be provided for new domestic buildings under 
the byelawB numbered 6 and 7. Pigsties and cowsheds are not 
exempt it not detached from a dwelli^ house. The object of this 
18 to discourage the placing of such structures in contact with a 
dwelling house, as in such a position they must be regarded as a 
danger to health. 

Public buildings and warehouse buildings are not excluded, 
but there are very limited provisions in the model byelaws respecting 
such buildings. 

Watts and Foundations of New BuUdingd. 

Byelaw 3 is for the purpose of securing the dryness of the 
ground surface beneath the building, and preventing the entrance 
of damp exhalations or of impure ground air from made ground or 
soil charffed with organic matter. It only applies where the damp- 
ness of we site or the nature of the soil renders such a precaution 
necessary ; but in low-lying marshy districts it may be desirable 
to omit the limiting words. It is suggested that a clause similar 
to clause 9 ^ in the existing urban model, prohibiting the erecting 
of buildings on ground filled up with offensive matter, should be 
adopted in districts where section 26 of the Public Health Acts 
Amendment Act, 1890, b not in force. 

Byelaw 4 requires a damp course in every wall of a new public 
building, or of a building constructed for human habitation, and 
also requires a double w^ to act as a vertical damp course where 
any part of the lowest storey of a building is below the surface of 
the ground. 

Byelaw 6 is intended to secure the exclusion of damp from a 
building by water soaking into the walls through parapets. 

BydawB 4 and 6 are the only clauses proposed affecting the 
walls of buildings. In other respects as to size, material, position, 
strength, ftc, the builder is entirely unfettered. 

Space abotd BvMings to secure a free circulation of air. 

Byelaws 6 and 7 deal with the provision of proper space to 
secure a free circulation of air. The Board regard it as most 
important that there should be secured for each new house, both in 
front and at the back, an adequate amount of space for this purpose. 
The open space in front required by byelaw 6 may extend over the 
public highway, and the clause is framed to meet the case of houses 
being erected fronting to existing narrow roads. It provides in 
effect that where a house is erected fronting to an existing street 

1 GlaiiielOinUtttoditioii(1904)of wbMkmodeL 
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less than 24 feet in width, it shall stand at a distance of not less 
than 12 feet from the centre line of the street, thus effecting an 
equitable adjustment between the owners of sites on the opposite 
sides of the street. 

Byelaw 7 requires the provision at the rear of the house of an 
open space exclusively belonging thereto ; this space besides 
securing through ventilation wilL serve as a yard in which the 
necessary sanitary conveniences may be placed at a proper distance 
from the house. 

In some places there may be exceptional circumstances which 
would render it unnecessary to require the provision of the amount 
of open space referred to — e.g., the case of dwelling-houses abutting 
upon a pcurk or other open space dedicated to the public. The 
Board have not provided for this either in the present model or 
in the urban model byelaws, but on being informed of the facts in 
cases of the kind or other cases of difficulty in a particular district, 
they would be prepared to consider additions to, or modifications 
of, the byelaw to meet the special circumstances. 

Ventilation of BvUdings. 

Byelaws 8-12 deal with the ventilation of buildings, and 
represent the miniTniim requirements which the Board are advised 
to be necessary. It will be seen that they do not impose any 
undue restrictions on the position or shape of windows or fireplaces. 
It \B very desirable that some at least of the bedrooms in all houses 
shall be provided with fireplaces, but this object cannot be directly 
secured by byelaw. 

It may be pointed out that the object of byelaw 10 is to secure 
the ventUation of the space between the ground surface beneath 
the building, for the purpose of dispersing any damp or foul air 
which may collect tibere, and of preserving the timbers from decay. 
It is desirable that an ampler space should be provided where 
the ground surface is not covered with an asphalte or concrete 
layer, since the natural soil is always more or less porous and 
retentive of moisture. 

Drainage of BtUldinga. 

Byelaw 13 requires the drainage of the subsoil of a new building. 
It will only need to be observed in cases where the site is naturally 
damp. 

Byelaw 14 makes provision for carrying away rain water falling 
on the roof of a building in such a manner as to prevent dampness 
in the walls or foundations of the building. 

Byelaw 16 requires that the lowest storey of a building shall not 
be placed at such a level as will prevent its being drained. 

Byelaws 16 and 18 make the necessary provision as to the 
material and structure of drains which are to convey foul water or 
sewage matter. 
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ByelawB 17 and 20 require the provision of suitable traps to 
drains to prevent the access of foul air to a building, and impose 
certain conditions as to inlets to drains. 

Byelaw 19 provides for the necessary ventilation of drains 
conveying sewage matter. There is a relaxation of its requirements 
in cases where there is no watercloset in the building and connected 
with the drain, and the drain is of limited lengtih. 

Waterdoaets^ Earihdoaets, Privies^ Aah/pUa^ and Cesspools. 

The succeeding byelaws 21-43 relating to waterclosets, earth- 
closets, privies, ashpits and cesspools, apply to the new construction 
of these conveniences in all cases, whether in connection with a 
new or an old building. The byelaws do not require the construction 
of these conveniences, &c., but merely regulate their construction 
where they are provided. The omission of a byelaw as to any one 
of them would have the effect of leaving the particular construction 
unregulated, and would not prevent its erection. 

Byelaws 21-26, relating to waterclosets, do not call for any 
detailed remarks. 

Byelaws 26-33 relate to earthdosets and privies. 

It will be observed that similar provisions have been made 
applicable to both earthdosets and privies. In the earlier model 
byelaws issued by the Board a distinction is drawn between the 
two kinds of conveniences, but the Board are advised that, except 
where an earthcloset is carefully attended to and proper arrange- 
ments are made for the supply of dry earth (not ashes), it is apt to 
be treated merely as a privy. In general, no distinction can usefully 
be made, but it is of course open to a Rural District Council, who 
are prepared to undertake the supply of dry earth, or who can 
show that facilities for obtaining it exist, to propose the adoption of 
byelaws dealing with earthdosets apart from privies, and for this 
purpose they are referred to the clauses on the subject in the existing 
urban model byelaws. 

Byelaw 26 requires an earthcloset or privy to be placed at a 
distance of 10 feet at least from a dwelling house or pubUc building, 
or a building in which any person may be employed, ftc. In the 
existing modd this distance is six feet, but the Board are advised 
that on sanitary grounds it is desirable that a greater distance 
should be secured, and they suggest that ten feet is a reasonable 
minimum distance in a rural district, and such as could always be 
obtained. Indeed, a Council might consider whether a greater 
distance might not reasonably be required. 

Byelaw 27. This is for the protection of water supplies, and the 
Board regard it as of considerable importance. The Board have 
not inserted any distance in the byelaw, but suggest that the Council 
should fix the greatest distance which the circumstances of the 
district render reasonable — 40 feet is the distance commonly 
adopted* It must be remembered that the consequences of a 
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pollution of a water sapply arising {rom a defective or badly 
managed privy, &c., are ao aerioos ti^t the utmost precautionary 
measures should be taken to prevent such a result. 

The remaining byelaws as to earthdosets and privies deal with 
details of construction to secure their convenient and cleanly use. 

Byelaw 32. The principles to be held in view are ttukt the 
receptacle of the privy should be of the smallest practicable 
dimensions, having regard to the facilities for the periodicial removal 
of its contents ; that with a view to secure dryness of the cont^its 
it diould be of impervious construction and entirely above tiie 
ground level, and be covered so as to exclude rainfall ; and that 
it should be provided with means for the application of earth or 
ashes to the excrement, and with means of access for the removal 
of the cont^its from the outside, so that the laborious and offensive 
operation of worMng in the pit may be avoided. 

Byelaws 34-39 deal with the construction of ash-pits. As 
regards byelaws 34 and 35, the Board would refer the Council to 
the remarks above on byelaws 26 and 27. Similar considerations 
apply to the fixing of the distances in these clauses. 

Byelaws 40-43 deal with the construction of cesspools. The 
Council should themselves insert the distances in byelaws 40 and 41 
having regard to the circumstances of their district. The distance 
to be prescribed should be reasonable but should be adequate to 
ensure efficient protection for tiie purposes of the byelaws. The 
Board may say that in cases that have come before them they have 
advised minimum distances of 50 and 60 feet respectively in corre- 
sponding byelaws. 

Ckmng of Buildings unfit for human habitaiion ; the giving of 
notices and the deposit of plans ; penaUieSf dfC. 

Byelaw 44 deals with the closing of buildings, &c., unfit for 
human habitation. The remaining byelaws deal with the giving 
of notices and tiie deposit of plans in cases to which the byelaws 
relate, the imposition of penalties for offences, and the pulling down 
of buildings which infringe the byelaws. 

Procedure to he observed in making byelaws. 

6. Any byelaws that are proposed should be submitted to the 
Board in the first instance in draft for their preliminary approval 
before any steps are taken for the printing or for the formal adoption 
of the byelaws. DtaSt forms for this purpose in which the byelaws 
are printed on foolscap paper with half-margin for notes will be 
supplied to Local Authorities on application. 

Any clauses in addition to or in substitution for those of the 
model series diould be inserted in the draft on separate sheets of 
paper with haJf -margin ; minor alterations may be suitably shown 
in the margin of the model forms. It would be convenient to the 
Board if the draft byelaws were submitted in duplicate. 
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When the final revision of the draft has been completed, and 
the Rund District Council have been informed of the decision of 
the Board with r^ard to the allowance or disallowance of the 
several clauses, the byelaws may conveniently be printed. The 
formal adoption of the byelaws under the seal of the Council should 
then take place and the sealed print of the byelaws should be 
submitted to the Board for formal confirmation after compliance 
with the statutory requirements. The following instructions should 
be observed : — 

Before application for confirmation is made, not less than one 
calendar month's notice of the intention to apply must, in pursu- 
ance of section 184 of the Act of 1876, be given in at least one local 
newspaper circulating in the rural district ; and, for a full calendar 
month after the date of the publication of this notice in the news- 
paper, a copy of the byelaws must be deposited at the office of the 
Rural District Council for the inspection of the ratepayers. 

The byelawB must be kept deposited at the place described 
in the notice for a full calendar month after the date of publication 
of the newspaper in which the notice appears. 

It is essential that the copy of the byelaws so deposited should 
be correct, as any material error would involve a fresh compliance 
with the statutory requirements before confirmation could take 
place. If it is thought desirable the draft approved by the Board 
may be deposited. 

Urban Powers. 

7. If a Rural District Council desire to obtain urban powers 
by an order of the Local Govenunent Bosjd they should pass a 
resolution authorising an application to be made to the Board under 
section 276 of the Act of 1876, or section 6 of the Act of 1890, as 
the case may be, for an order investing them with such powers. 
The resolution should specify the provisions which it is desired to 
put in force, and the particular contributory places in respect of 
which the powers are sought. 

A copy of the resolution should be sent to the Board, together 
with a brief statement of the grounds upon which the application 
18 made. 

If any such application is made with reference to section 167 
of the Act of 1876 it should extend to section 168 of the Act also, 
unless section 23 (3) of the Act of 1890 is abeady in force. 

If powers under section 23 of the Act of 1890 are desired the 
Council should consider the desirability of including the powers of 
sections 26 and 33 of the same Act in the application. 

S. B. Pbovis, 

Secretary. 
Local Qovemment Board, 
May, 1903. 
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Nora.— iii^ local amthority proposing to moXw hyelaw§ on this subjta ^oM 
apply to lAe Local Oovemment Board Jor a form on which to submit a draft of the 
hydawsfor the Board's preliminary approval 

Modd Bydam, Series IV. (a). 

Rural DUtria Councils (63 and 64 Via. e. 69, s. 23 (3) )• 

{Draft form.) 



BYELAWS 

made by the Rural District Council of 
with respect to^ 

New Buildings and certain matters in connection 
with BuiLDiNQS in * 



iNTBBPSaTATION OT TeBMS. 



1. In the construction of these byelaws the following words 
and expressions shall have the meanings herein-after respectively 
assigned to them, unless the context otherwise requires ; that is 
to say, — 

'District' means* 

* Council ' means the Rural District Council of 

* Public building' means a building used or constructed or 

adapted to be used, either ordinarily or occasionally, as a 
church, chapel, or other place of public worship, or as a 
hospital, workhouse, collie, school (not being merely a 
dweUing-house so used), theatre, public hall, public concert 
room, public ball-room, public lecture room, or public exhiU- 
tion room, or as a public place of assembly for persons admitted 
thereto, by tickets or otherwise, or used or construoted or 
adapted to be used, either ordinarily or occasionally, for any 
other public purpose : 

^ Insert ' New Streets uid,* if any byelaws as to new streets Are repealed by 
CUiise62. 

* Insert 'the Rnnl District of /or, if the byelaws sie 
to apply to part onlv of a rural district, ' th«t portion of the Bual Bistriot 
of wUnh oomprises the oontribatoiy places of .* 
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* Building of the warehouse class ' means a warehouse, factory, 

manufactory, brewery or distillery : 

* Domestic building ' means a dwelling-house or an office 

building, or other out-building appurtenant to a dwelling- 
house, whether attached thereto or not, or a shop, or any 
other building not being a public building, or of the ware- 
house class : 
< Dwelling-house ' means a building used or constructed or 
adapted to be used wholly or principaQy for human habitation. 



ExiBMFniiD Buildings. 

2. The following buildings shall be exempt from the operation 
of these byelaws : — 

(a.) Any building in His Majesty's possession, or employed or 
inteoided to be employed for His Majesty's use or service : 

(b.) Any county or borough lunatic asylum, and any building 
belonging to the council of any county, city or borough and used 
or intended to be used wholly or in part for the detention of any 
prisoners: 

(c.) Any gaol, house of correction, bridewell, penitentiary, or 
other prison, and any building occupied or intended to be occupied 
by any prison officer for the use of such prison and contiguous 
thereto : 

(d.) Any building (not being a dweUing-house) belonging to any 
person or body of persons authorised by virtue of any Act of Parliar 
ment to navigate on or use any river, canal, dock, harbour, or 
basin, or to demand any tolls or dues in respect of the navigation 
of such river or canal, or the use of such dock, harbour, or basin, 
and used or intended to be used exclusively under the provisions 
of such Act of Parliament for the purposes of such river, canal, 
dock, harbour, or basin : 

(e.) Any building (not being a dwelling-house) erected or intended 
to be erected in connection with any mine, and used or intended 
to be used exclusively for the workir^ of such mine : 

(/.) Any building erected or intended to be erected according 
to plans previously approved by the Land Commissioners for 
England or the Board of Agriculture or the Board of Agriculture 
and Fisheries under tiie Lnprovement of Land Act, 1864, or other 
Act or Acts for the improvement of land : 

(g.) Any building which may not be exempt by the operation 
of any of the preceding clauses of this byelaw, and which may be 
erected or may be int^ded to be erected in accordance with such 
plan and in such manner as may be approved or directed in pursu- 
ance of any statutory provision in that behalf by one of His Majesty's 
Principal Secretaries of State : 

(A.) Anv building which shall not be a public building or a 
building oi the warehouse class, and shall not be constructed or 



27« BUILDINO OONSTRUCnON 

adapted to be used either whoify or partly for human haUtation, 
or as a place of habitual employmeiit for any person in any mana- 
faoture, trade, or business, and which if intended for use as a pigstye 
or a cowhouse shall be detached from any dwelling house : 

{%,) Any building erected or intended to be erected for use 
solely as a temporary hospital for the reception and treatment 
of persons 6u£Fering from any dangerous infectious disorder. 

With bxspbot to thb stbitctubb or walea and voundatiohs 

or NEW BUILDINOS VOB FUBP08SS OT HSALTH. 

3. Every person who shall erect a new domestic building shaD 
cause the whole ground surface or site of such buildins within the 
external walls to be properly asphalted or covered wi& a layer of 
good cement concrete, rammed solid, at least six inches thick, 
wherever the deonpness of the site or the nature of the soil renderB 
such a precaution necessary. 

4. Every person who shall erect a new public building or a 
new dwelling-house shall cause every wall of such building to have 
a proper damp course of sheet lead, aqihalte, or slates laid in 
cement, or of other durable material impervious to moisture, 
beneath tiie levd of the lowest floor, and at a height of not less 
than six inches above the surface of the ground adjoining such 
wall. 

Provided always that where any part of a floor of the lowest 
storey of such building, not being a cellar, shall be intended to be 
below the level of the surface of the ground immediately adjoining 
the exterior of such storey, and so that the ground will be in contact 
with the exterior of any wall, he shall cause such storey or such 
part thereof as will be so in contact to be constructed with walk 
impervious to moisture or with double walls, having an intervening 
cavity between such walls, of a width of two and a half inches^ and 
extending from the base of such walls to a height of six inches above 
the surface of the ground immediately adjoining the exterior of 
such storey. 

He shdl cause such double walls to be properly tied together 
with suitable and sufficient ties of iron, tarred and sanded, galvanised 
iron, vitrified stoneware, or other suitable material, inserted at 
distances apart not exceeding three feet horizontally and eighbun 
inches vertically. He shall also cause a proper damp course of 
sheet lead, asphalte, or slates laid in cement, or of other durable 
material impervious to moisture, to be inserted in every such wall 
at the base of such wall and likewise at the level of the top of the 
cavity. 

6. Every person who shall erect a new building shall cause 
every wall of such building, when carried up above any roof, fiat, or 
gutter, so as to form a parapet, to be properly coped or othorwise 
protected, in order to prevent water from running down the sideB 
of such parapet, or soaking into suoh wall. 
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With thb bbspxot to thb sufjuoiemox or ctb spaox about 

BUILDINOS TO SBCUBB A FBBB dBOULATION OT AIB, ABD WITH 
BBSPEOT TO THB YBNTILATION OF BT7ILDINGS. 

6. Every person who shall ereot a new domestic building shall 
provide in front of such building an open space, which, measured 
to the boundary of any lands or premises immediately opposite, 
or to the opposite side of any street which may not be less than 
twenty-four feet in width where such building may front thereon, 
shall, throughout the whole line of bontage of such building, extend 
to a distance of tweniy-fowr feet at tibe least ; such distance being 
measured in every case at right angles to the external face of any 
wall of such building which s^kll front or abut on such open space. 

Where a new domestic building may be intended to front on a 
street laid out before the confirmation of these byelaws, and of a 
less width than twenJty-fowr /ee^, the person who shall erect such 
building shall provide in front thereof an open space, which, 
measured to the opposite side of such street throu^out the whole 
line of frontage of such building, shidl extend to a distance equal 
at least to the width of such street, together with one-half of the 
difference between such widtii and twenty-four feel. 

Any open space provided in pursuance of tiiis bydaw shall be 
free from any erection thereon above the level of the ground, except 
any portico, porch, step, or other like projection from such building, 
or any gate, fence, or wall not exceeding ^evenfeet in hei^t. 

A person who shall make any alteration in or addition to such 
building shall not, by such alteration or addition, diminish the 
extent of open space provided in pursuance of this byelaw in 
connection with such building. 

7. (1.) Every person who shall erect a new domestic building 
shall provide in the rear of such building an open space exclusively 
belonging to such building, and of an aggregate extent of not less 
than one hundred and fifty square fe/d^ and free from any erection 
thereon above the leved of the ground, except a watercloset, earth* 
closet, or privy, and an ashpit. 

(2.) He shall cause such open space to extend, laterally, through- 
out the entire width of such building, and he shall cause the distance 
across such open space from every part of such building to the 
boundary of any lands or premises immediately opposite or adjoining 
the site of such building, to be no^ leae in any caee than fifteen feet. 

If the height of such building be twenty-five feet he shall cause 
such distance to be twenty feet at the least. 

If the height of such building be thirty-five feet or exceed thirty- 
five feet he shall cause such distance to be twenty-five feet at the least. 

(3.) A person who shall make any alteration in or addition to 
such building shall not, by such alteration or addition, diminish 
the aggregate extent of open space provided in pursuance nf this 
byelaw in connection with such building, or in any other respect 
fail to comply with any provision of this byelaw. 
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(4.) For the purpofleB of this byelaw the height of such building 
shall be the height of the highest portion of the building, measured 
upwards from the level of the ground over which such open space 
shall extend to the level of hw the vertical height of the roof or 
to the top of the parapet, whichever may be the higher. 

8. Every person who shall erect a new domestic building shaU 
construct in the wall of each storey of such building which shall 
immediately front or abut on such open spaces as, in pursuance of 
the bvelawB in that behalf, shall be provided in connection witti 
such building, a sufficient number of suitable windows, in such a 
manner and in such a position that each of such windows shall 
afford effectual means of ventilation by direct communication 
with the external air. 

9. Every person who shall erect a new domestic building shall 
construct in every habitable room of such building one window, 
at the least, opening directly into the external air, and he shall 
cause the total area of such window, or, if there be more than one, 
of the several windows, clear of the sash frames, to be equal at the 
least to one ienih of the floor area of such room. 

Such person shall also construct every such window so that 
one halft at the least, may be opened, and so that the opening may 
extend in every case to the top of the window. 

10. Every person who shall erect a new domestic building shall 
so construct every room ^diich shall be situated in the lowest 
storey of such building, and shall be provided with a boarded 
floor, that there shall be, for the purpose of ventilation between the 
under side of every joist on which such floor may be laid, and the 
upper surface of the ground or of the asphalte or concrete with 
which such ground is covered, a clear space of three inches at the 
least in every part, if such ground be covered with asphalte or 
concrete, and of nine inches at the least in every part if such ground 
be not so covered, and he shall cause such space to be thoroughly 
ventilated by means of suitable and sufficient air-bricks, or by 
some other effectual method. 

11. Every person who shall erect a new domestic building 
shall cause every habitable room of such building which is without 
a fireplace, and a flue properly constructed and properly connected 
with such fireplace, to be provided with special and adequate 
means of ventilation by a sufficient aperture or air shaft which 
shall provide an unobstructed sectional area of ffty square inches 
at the least. 

12. Every person who shall erect a new public building 
shall cause such building to be provided with adequate means 
of ventilation. 

WfTH BBSPXOT to IHB DEAINAOX OF BUILDIKaS. 

13. Every person who shall erect a new building shall cause 
the subsoil of the site of such building to be effectually drained by 
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means of suitable earthenware field pipes, properly laid to a suitable 
outfall, wherever the dampness of the site renders such a precaution 
necessary. 

He shaJl not lay any such pipe in such a manner or in such a 
position as to communicate directly with any sewer or cesspool, or 
with any drain constructed or adapted to be used for conveying 
sewage. 

14. Every person who shall erect a new building shall, for the 
purpose of carrying from the roof or flat of such building all water 
which may fall thereon cause a suitable pipe or trunk, extending 
from the roof or flat to the ground, to be fized to the front or rear 
or to one of the sides of such building, and to be connected with a 
gutter, shoot, or trough which shall be provided, constructed, and 
fixed in such a manner and in such a situation as to receive all 
water that may fall on the roof or flat. 

15. Every person who shall erect a new building shall construct 
the lowest storey of such building at such a level that it may be 
practicable to construct a drain sufficient for the effectual drainage 
of such building and to provide the requisite communication with 
any sewer. 

16. (1.) Every person who shall erect a new building shall, in the 
construction of every drain of such building, other than a drain 
constructed in pursuance of the byelaw in that behalf for the 
drainage of the subsoil of the site of such building, use good sound 
pix>es formed of glazed stoneware, or of other equally suitable 
material. 

(2.) He shall cause every such drain to be of adequate size, and 
if constructed or adapted to be used for conveying sewage to have 
an internal diameter not less than /our inches, and to be laid where 
necessary in a bed of good concrete, with a proper fall, and with 
socketed or other suitable watertight joints. 

(3.) He shall not construct any such drain so as to pass under 
any building, except in any case where any other mode of construc- 
tion may be impracticable. 

Li that case, he shall cause such drain to be laid in a direct line 
for the whole distance beneath such building, and to be completely 
embedded in and covered with good and solid cement concrete, at 
least six inches thick, all round. 

He shall also cause adequate means of access to be provided 
in connection with such drain at each end of such portion thereof 
as is beneath such building. 

(4.) He shall cause every inlet to any drain, not being an inlet 
provided in pursuance of the byelaw in that behalf as an opening 
for the ventikbtion of such drain, to be properly trapped. 

17. Every person who shall erect a new building ^all provide, 
within the curtilage thereof, in every main drain or other drain of 
such building which may directly conmiunicate with any sewer or 
other means of drainage into which such drain may lawfully empty, 
a suitable trap at a point as distant as may be practicable from 

t2 
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sach building and as near as may be practicable to the point at 
which auch drain may be connected with such sewer or other meaoB 
of drainage. 

18. A person who shall erect a new building shall not construct 
the several drains of such building in such a manner as to form 
in such drains any right-angled junction. He shall cause eveiy 
branch drsan or tributary drain to join another drain obliqudy in 
the direction of the flow of such other drun. 

19. Every person who shall erect a new building shall, for the 
purpose of securing efficient ventQation of the several drains of such 
building constructed or adapted to be used for conveying sewage, 
comply with the following requirements : — 

(1.) He shall provide at least two untrapped openings to such 
drains, of which openings one shall be situated as near as may be 
practicable to the trap which, in pursuance of the byelaw in that 
behalf, shall be provided between the main drain or oilier drain of 
tiie budding, and the sewer or other means of drainage with which 
such drain may lawfully communicate, and on that side of the trap 
which is the nearer to the building ; and the second opening shall 
be as far distant as may be practicable from the point at which the 
first-mentioned opening shall be situated. 

One of the aforesaid openings shall be at or near the level of 
the surface of the ground adjoining such opening, and shall com- 
municate with the drains by means of a suitable pipe, shaft, or 
disconnecting chamber. 

The other opening shall be obtained by canying up a pipe or 
shaft, vertically, to such a height and in such a manner as e£fectuaUy 
to prevent any escape of foul air from such pipe or shaft into any 
building in the vicinity thereof, and in no case to a less height 
than ten feet. 

Provided always, that the soil pipe of any watercloset, in 
every case where the situation, sectional area, height, and mode 
of construction of such soil pipe shall be in accordance with the 
requirements applicable to the pipe or shaft to be carried up 
from the drains, may be deemed to provide the necessary opening 
for ventilation which would otherwise be obtained by means of 
such last-mentioned pipe or shaft. 

(2.) He shall cause every opening provided in accordance with 
the arrangements herein-before specified to be furnished with a 
suitable grating or other suitable cover for the purpose of preventing 
any obstruction in or injury to any pipe or dram by the introduction 
of any substance through any such opening. He shall, in every case, 
cause such grating or cover to be so constructed and fitted as to 
secure the free passage of air through such grating or cover by 
means of a sufficient number of apertures, of which the aggregate 
extent shidl be not less than the sectional area of the pipe or drain 
to which such grating or cover may be fitted. 

(3.) Every pipe or shaft which may be used in connection with 
the arrangemente herein-bef ore specified shall be of a sectional area 
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not less ihan that of the drain with which such pipe or shaft may 
communicate. 

Provided that where such pipe or shaft communicates with 
a drain of an internal diameter of /our inches, the internal diameter 
of such pipe or shaft may be not less than three and a half inches. 

(4.) No bend or angle shall (except where unavoidable) be 
formed in any pipe or diait used in connection with the arrange- 
ments herein-before specified. 
(6.) Provided that— 

(a.) Where there is no watercloeet within the building and 
connected with the drain and the drain shall not be more 
than twenty feet in length, the requirements of this byelaw 
shall not apply to the case ; 

(b.) Where the aggregate length of so much of the drain or 
drains of a new building as is above the trap to be provided 
in pursuance of the byeUw in that behalf in every main drun 
or other drain of such building which may directly communi- 
cate with any sewer or other means of drainage into which 
such drain may lawfully empty, shall not exc^ thirty feet, 
and such drain or any of such drains shall not be connected 
with any water-closet which has internal communication with 
any buQding, the opening required by this byelaw to be 
provided at or near the level of the surface of the ground 
may be dispensed with. 
20. (1.) A person who shall erect a new building shall not 
construct any drain of such building in such a manner as to allow 
any inlet to such drain (except such inlet as may be necessary 
from the apparatus of any watercloset or any slop smk constructed 
or adapted to be used for receiving within such bmlding any solid or 
liquid filth) to be made within such building. 

(2) He shall cause the soil pipe from every watercloset in such 
buildkig to be at least three and a half inches in diameter. 

(3) He shall cause such soil pipe, and the waste pipe from 
every such slop sink, to be fixed outside such building, and to be 
continued upwards without diminution of its diameter, and (except 
where unavoidable) without any bend or angle being formed in 
sach soil pipe or waste pipe to such a height and in such a position 
as to afford, by means of the open end of such soil pipe or waste 
pipe, an outlet for foul air at a safe distance from windows, chinmeys, 
and other openings. 

(4) He shall so construct such soil pipe or waste pipe that 
there shall not be any trap between such soil pipe or waste pipe 
and the drains, or any trap (other than such as may neceesiurily 
form part of the apparatus of any watercloeet or slop sink) in any 
part of such soil pipe or waste pipe. 

(5) He shall cause the waste pipe from every bath, sink (not 
being a slop sink constructed or adapted to be used for receiving 
any solid or liquid filth), or lavatory, and every pipe in such building 
for carrying off foul waste water to be properly trapped, and to be 
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taken through an external wall of such building, and to diflchaige 
in the open air over a channel leading to a trapped guHy 
grating. 

(6) He shall cause the overflow pipe from any ctstem and from 
every safe under any bath or watercloset to be taken through an 
external wall of such buildii^, and to discharge in the open air. 

With rxspbot to watebolosbts in oomnBonoK with buildings, 

AND WITH BBSPBOT TO THB BJBEPINO OF WATSBOIiOSXTS SUP- 
PUBD WITH SUTFIGnENT WATXB FOB FLTTSHING. 

21. Every person who shall construct a watercloset within a 
building shaJl construct such watercloset in such a position that 
one of its sides at the least shall be an external wall. 

22. Every person who shall construct a watercloeet within a 
building sheJl construct in one of the walls of such watercloeet 
a window of not less dimensions than two feet by one foot, exclusive 
of the frame, and opening directly into the external air. 

He shall, in addition to such window, cause such watercloset 
to be provided with adequate means of constant ventilation by at 
least one air-brick built in an external wall of such watercloset, 
or by an air shaft, or by some other effectual method or appliance. 

23. Every person who shall construct a watercloset in connection 
with but not within a building shall cause the same to be provided 
with a sufficient opening for lighting and ventilation, as near to the 
top as convenient and communicating directly with the external air. 

24. Every person who shall construct a watercloset in connection 
with a building shall furnish such watercloset with a separate cistern 
or flushing box of adequate capacity, which shall be so constucted, 
fitted, and placed as to admit of the supply of water for use in such 
watercloset without any direct connection between any service pipe 
upon the premises and any part of the apparatus of such water- 
closet, other than such cistern or flushing box. 

He shall furnish such watercloset with a suitable apparatus 
for the effectual application of water to any pan, basin, or other 
receptacle with which such apparatus may be connected and used, 
and for the effectual flushing and cleansing of such pan, basin, 
or other receptacle, and for the prompt and effectual removal 
therefrom of any solid or liquid filth which may from time to time 
be deposited therein. 

He shiJl furnish such watercloset with a pan, basin, or other 
suitable receptacle of non-absorbent material, and of such shape, 
of such capacity, and of such mode of construction as to receive 
and contain a sufficient quantity of water, and to allow aU filth 
which may from time to time be deposited in such pan, basin, or 
receptacle to fall free of the sides thereof, and directly into the water 
received and contained in such pan, baidn, or receptacle. 

He shall not construct or fix under such pan, basin, or receptacle 
any ' container ' or other similar fitting. 
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He shall not constract or fix in or in connection with the water- 
closet apparatus any trap of the kind known as a ' D ' trap. 

26. The occupier of any premises shall, throughout any period 
during which any person may inhabit the premises, or may be 
employed therein in any manufacture, trade, or business, cause 
every watercloset provided on or in connection with the premises 
to be supplied with a sufficient quantity of water for the proper 
flushing of such watercloset : 

Provided that, where there are two or more occupiers of the 
premises on or in connection with which any such watercloset is 
provided, the foregoing requirement shall apply to such one or 
more of the said occupiers as, according to the terms and conditions 
of his or their occupation of the premises, may have the exclusive 
or joint control of the watercloset. 

With bxspbot to eabtholosbts aisd pbivubs m connection 

WITH BTTILDINOS. 

26. Every person who shall construct an earthcloset or a privy 
in connection with a building shall construct such earthcloset or 
privy at a distance of ten feet at the least from a dwelling-house 
or public building, or any building in which any person may be, 
or may be intended to be, employ^ in any manufacture, trade, or 
business. 

27. A person ijfho shall construct an earthcloset or a privy in 
connection with a building shall not construct such earthcloset 
or privy within the distance of feet from any well, spring, or 
stream of water used or likely to be used by man for drinking or 
domestic purposes, or for manufacturing drinks for the use of man, 
or otherwise in such a position as to render any such water liable to 
pollution. 

28. Every person who shall construct an earthcloset or a privy 
in connection with a building shall construct such earthcloset or 
privy in such a manner and in such a position as to afford ready 
means of access to such earthcloset or privy, for the purpose of 
cleansing such earthcloset or privy and of removing filth th^efrom, 
and in such a manner and in such a position as to admit of all 
filth being removed from such earthcloset or privy, and from the 
premises to which it may belong, without being carried through any 
dwelling-house or public builcSng or any bmlding in which any 
person may be, or may be intended to be, employ^ in any manu- 
facture, trade, or business. 

29. Every person who shall construct an earthcloset or a privy 
in connection with a building shall provide such earthcloset or 
privy with a sufficient opening for light and ventilation, as near to 
the top as convenient, and communicating directly with the external 
air. 

He shall cause the floor of such earthcloset or privy to be flagged 
or paved with hard tiles or other non-absorbent material, and he 
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shall ooDftaract sach floor ao that it shall be in every part thereof at 
a height of not leas than six inches above the level of the surface of 
the ground adjoining such earthcloset or privy, and so that such 
floor shall have a fall or inclination towards the door of such earth- 
closet or privy of half an inch to tiiefoci. 

30. Every person who shall construct an earthcloset or a privy 
in connection with a building shall provide, construct, or fix in or 
in eonnection with such ewthcloset or privy suitable means or 
apparatus for the frequent and effectual application of dry earth, 
or other deodorising substance, or of ashes, dust, or dry refuse, to 
any filth which may from time to time be deposited in the receptacle 
of such earthcloset or privy. 

31. Every person who shall construct an earthcloset or privy 
in connection with a building, and shall construct such earthcloset 
or privy for use in combination with a movable receptacle for 
filth, shall construct over the whole area of the space immediately 
beneath the seat of such earthcloset or privy a floor flagged or 
asphalted or concreted and rendered in cement, at a height of 
less than three inches above the levd of the surface of the ground 
adjoining such earthcloset or privy ; and he shall cause the whole 
extent of each side of such space between the floor and the seat to be 
constructed of such materuds and in such manner as to prevent 
any absorption by any part thereof of any filth deposited in such 
earthcloset or privy. 

He shall construct the seat of such earthcloset or privy, the 
aperture in such seat, and the space beneath such seat, of such 
dimensions as to admit of a movable receptacle for filth of a capacity 
not exceeding two cubic feci being placed and fitted beneath sudi 
seat in such a manner and in such a position as may effectually 
prevent the deposit, upon the floor or sides of the space beneath 
such seat or elsewhere than in such receptacle, of any filth which 
may from time to time fall or be cast through the aperture in such 
seat. 

He shall construct the seat of such earthcloset or privy so that 
the whole of such seat, or a sufficient part thereof, may be readily 
removed or adjusted in such a manner as to afford adequate access 
to the space beneath such seat for the purpose of cleansing such 
space, or of removing therefrom or placing and fitting therein the 
appropriate receptacle for filth, or shall otherwise provide adequate 
means of access to such space for the purposes aforesaid. 

32. Every person who shall construct an earthcloset or a privy 
in connection with a building, and shall construct such earthcloset 
or privy for use in combination with a fixed receptacle for filth, 
shall construct such receptacle so that the contents thereof may 
not at any time be exposed to any rainfall or the drainage of any 
waste water or liquid refuse from any adjoining premises. 

He shall construct such receptacle of such material or materiab 
and in such a manner as to prevent any absorption by any part 
of such receptacle of any filth deposited therein or any escape, 



LOCAL GOVERNMENT BOARD REGULATIONS 286 

by leakage or otherwise, of any part of the contents of such 
receptacle. 

He shall construct such receptacle so that the bottom or floor 
thereof shall be in every part at least three inches above the level of 
the surface of the ground adjoining such receptacle. 

He shall not in any case construct such receptacle of a capacity 
exceeding tioelve cubic feet. 

He shsdl construct the seat of such earthcloset or privy so that 
the whole of such seat, or a sufficient part thereof, may be readily 
removed or adjusted in such a manner as to a£ford adequate access 
to such receptacle for the purpose of removing the contents thereof, 
and of cleansing such receptacle, or shall otherwise provide adequate 
means of access to such receptacle for the purpose aforesaid. 

33. A person who shall construct an earthcloset or a privy in 
connection with a building shall not cause or suffer any part of the 
space under the seat of such earthcloset or privy, or any part of 
any receptacle for filth in or in connection with such earthcloset or 
privy to communicate with any drain. 

With rbspkot to ashpits m oonnbotion with BxnLDmas. 

34. Every person who shall construct an ashpit in connection 
with a building shall construct such ashpit at a distance of ten feet 
at the least from a dwelling-house or public building, or any building 
in which any person may be, or may be intended to be, employed 
in any manufacture, trade, or business. 

35. A person who shall construct an ashpit in connection with 
a building shall not construct such ashpit within the distance of 

feet from any well, spring, or stream of water used 
or likely to be used by man for drinking or domestic purposes, or 
for manufacturing drinks for the use of man, or otherwise in such a 
position as to render any such water liable to pollution. 

36. Every person who shall construct an ashpit in connection 
with a building shall construct such ashpit in such a manner and in 
such a position as to afford ready means of access to such ashpit 
for the purpose of cleansing such ashpit, and of removing the contents 
thereof, and, so far as may be practicable, in such a manner and 
in such a position as to a^coit of the contents of such ashpit being 
removed therefrom, and from the premises to which such ashpit may 
belong, without being carried through any dwelling-house or public 
buildhig, or any building in which any person may be, or may be 
intended to be, employed in any manufacture, trade, or business. 

37. Every person who shall construct an ashpit in connection 
with a building shall construct such ashpit of a capacity not 
exceeding in any case twenty cubic feet, or of such less capacity as 
may be sufficient to contain all dust, ashes, rubbish, and dry refuse 
which may accumulate during a period not exceeding one numth upon 
the premises to which such ashpit may belong. 

38. Every person who shidl construct an ashpit in connection 



286 BUILDINO (X)N8TBUanON 

with m buildioff shall oonstnict sach ashpit of flaggixig, or of slate, 
or of good brickwork, at least nine inches thick, and rendered inside 
with good cement or properly asphalted. 

He shall construct such ashpit so that the floor thereof shall be 
at a height of not less than t^u inches above the surface of the 
ground adjoining such ashpit, and he shall cause such floor to be 
properly flagged or asphalted or concreted and rendered in cement. 

He shall cause such ashpit to be properly roofted over and 
ventilated, and to be furnished with a suitable door in such a position 
and so constructed and fitted as to admit of the convenient removal 
of the contents of such ashpit, and to admit of being securely closed 
and fastened for the effectual prevention of the escape of any of the 
contents of such ashpit. 

39. A person who shall construct an ashpit in connection with 
a building shall not cause or suffer any part of such ashpit to com- 
municate with any drain. 

With bxspbot to gbsspools in oonkbotiok with buildings. 

40. Every person who shall construct a cesspool in connection 
with a building shall construct such cesspool at a distance of 

feet at the least from any dwelling-house or public building, 
or any building in which any person may be, or may be intended 
to be, employed in any manufacture, trade, or business. 

41. A person who shall construct a cesspool in connection with 
a building shall not construct such cesspool within the distance 
of feet from any well, spring, or stream of water used 
or likely to be used by man for drinking or domestic purposes, or 
for manufacturing drinks for the use of man, or otherwise in such a 
position as to render any such water liable to pollution. 

42. Every person who shall construct a cesspool in connection 
with a buildii^ shall construct such cesspool in such a manner 
and in such a position as to afford ready means of access to such 
cesspool for the purpose of cleansing such cesspool, and of removing 
the contents thereof, and in such a manner and in such a position 
as to admit of the contents of such cesspool being removed therefrom, 
and from the premises to which such cesspool may beloxig, without 
bemg carried through any dwelling-house or public building, or any 
building in which any person may be, or may be intended to be, 
employed in any manufacture, trade, or business. 

He shall not in any case construct such cesspool so that it shall 
have, by drain or otherwise, any outlet into or means of communi- 
cation with any sewer. 

43. Every person who shall construct a cesspool in connection 
with a buildW shall construct such cesspool of fl;ood brickwork in 
cement, propeny rendered inside wit^ cement, and with a backing of 
at least nine inches of well puddled clay or of at least six inches of 
good cement concrete around and beneath such brickwork, or ahaQ 
otherwise construct such cesspool of suitable material and so as 
to be impervious to liquid. 
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He ahall also cause such cesspool to be arched or otherwise 
properly covered over, and to be provided with adequate means 
of ventilation. 

WrrH BBSFBOT TO THB CLOSING OF BT7ILDIKG8 OB PARTS OF 
BTTILDINOS TTNFrr FOB HUMAN HABITATION, AND TO FBO- 
HIBinON OF THEIB TTSB FOB SUCH HABITATION. 

44. In every case : — 

Where, by a notice in writing in the form hereunto appended, 
or to the like effect, and signed by the clerk to the Council, and 
duly served upon or delivered to the owner of a building or part of a 
building erected after the i date of the confirmation of these byelawa, 
the Council shall certify that it has been represented to them that 
such building or part of a building is unfit for human habitation, 
and that, unless on or before such day as shall be specified in such 
notice, such owner, by a statement in writing under his hand or 
under the hand of his agent duly authorised in that behalf, and 
addressed to and duly served upon or delivered to the Council, shall 
show sufficient cause why such building or part of a building shall 
not be declared unfit for human habitation, or unless, on such day and 
at such time and place as shall be specified in such notice, such owner 
personally or by his agent duly authorised in that behalf shall 
attend before the Council and show sufficient cause why such 
building or part of a building shall not be declared unfit for human 
habitation, the Council will declare such building or part of a building 
unfit for human habitation, and direct that such building or part 
of a building shall be closed, and prohibit the use for human habita- 
tion of such building or part of a building until the same shall have 
been rendered fit for human habitation : 

And where such owner shall fail to show sufficient cause why 
such building or part of a building shall not be declared unfit for 
human habitation, and where, in consequence of such failure, the 
Council by their order, which shall be in writing under their seal 
in the form hereunto appended, or to the like effect, and shall be 
duly signed by their clerk, and which, or a copy of which shall be 
affixed in some conspicuous position in or upon such building or 
part of a building, may declare that such building or part of a 
building is unfit for human habitation, and may dirM^t that, unless 
and until such building or part of a building shall have been rend^^ 
fit for human habitation, the same shaU be closed, and the use 
thereof for human habitation shall be prohibited : — 

A person shall not, after the date specified in such order and 
before such building or part of a building shall have been rendered 
fit for human habitation, knowingly inhabit or continue to inhabit, 
or knowingly cause or suffer to he inhabited such building or part 
of a building. 

1 U byeUwB as to new buildings are already in foroe, the date 6f the 
oonfiimation of those byelaws may be inserted beie. 
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farm of Notice, 



BuralDidriaof- 



To , of 

Whbebas by a statement in writing under the hand of 

Medical Officer of Health of tho 
Rural Diatriot Oonnoil of t of 

which statement a copy is contained in the schedule hereunto annwTed, it 
has been certified to the said Council that a certain building (x part ol a 
building situate at 
in the said district is unfit for human habitation ; 

And whereas it has been shown to the said Council that yon are the owner 
of such building or part of a building ; 

Now, , clerk to the said Ooundl, do heieby 

give you notice that, unless on or before the day 

of 19 , by a statement in writing under your 

hand or under the hand of an agent duly authoriied by you in that bdbalf, 
and addressed to and duly served upon or delivered to the said Council, 
you shall show to the said Council sufficient cause why such building or part 
of a building shall not be declared unfit for human habitation ; 

Or, unless you shall attend either personally or by an agent duly authorised 
in that behalf before the said Council at their office in 
on day the day of 

19 , at o^clock in the noon, 

and shall then and there show to the said Council sufficient cause why such 
building or part of a building shall not be declared unfit for human habitation ; 

The said Council, in pursuance of the powers conferred upon them in that 
behalf, will, by an order in writing under their seal, declare that such building 
or part of a building is unfit for human habitation, and direct that, unless and 
until such building or part of a building shall have been rendered fit for 
human habitation, the same shall be dosed, and the use thereof for human 
habitation shall be prohibited. 

Witness my hand this day of 

in the year one thoussad nine hundred 



Clerk to the CouneO. 



SOBMDXJLB* 

Copy of certificate of 



Form of Order, 



BuralDisHaof- 



To , of » sad 

to all others whom it may concern : 
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Wbxrbas it hAB been certified to ns, the Rnnl Distriot Ooonoil of 

, that a certain building or part of a building situate at 
in the said district is unfit for human habitation ; 
And whereas due notice of such certificate has been given to 

, the owner of such building or part of a building, and 
the said has failed to show sufficient cause why such 

building or part of a building shall not be declared unfit for human habitation ; 
Now we, the said Council, in pursuance of the powers conferred upon us 
in that behalf, do hereby declare that such building or part of a building is 
unfit for human habitation ; and we do hereby direct that, unless and until 
such building or part of a building shall have been rendered fit for human 
habitation, the same shall be closed, and the use thereof for human habitation 
shall be prohibited. 

Given under the common seal of the Council, this 
(L.S.) day of , in the year one thousand nine 

hundred 



Clerk to ihe CounciL 

As TO THB GIVING OF NOTIOBS ; AS TO THB DBPOSIT OF PLANS AND 
SXOnONS BY PERSONS tNTSNBING TO OONSTBTTOT BXTILDINGS 
AND AS TO INSPBOTION BY THB COUNCIL. 

46. Every person who shall intend to ereot a building to which 
the byelaws rdating to new buildings will apply shall give to the 
Council notice in writing of such intention, which shall be delivered 
or sent to their clerk at his or their office, or to their surveyor at 
his or their office, and shall at the same time deliver or send, or 
cause to be delivered or sent, to their clerk at his or their office, 
or to their surveyor at his or their office, plans and sections of such 
intended building, which shall be drawn to a scale of not less than 
one inch to every eight feet, and shall indicate, so far as may be 
necessary to show compliance with the byelaws, the position, form, 
and dimensions of such building, and of every wat^loset, earth- 
closet, privy, ashpit, cesspool, weQ, and all other appurtenances, 
the damp course, the level of the lowest floor of such building and 
of any yard or ground belonging thereto, and in which the building 
shall be so described as to diow whether it is intended to be used 
as a dwelling-house or otherwise. 

Such person shall at the same time deliver or send, or cause to 
be delivered or sent, to the clerk to the Council at his or their office, or 
to their surveyor at his or their office, a description in writing of 
the intended mode of drainage of such building and means of water 
supply. 

Such person shall at the same time deliver or send, or cause to 
be delivered or sent, to the clerk to the Council at his or their office, 
or to their surveyor at his or their office, a block plan of such 
building, to a scale of not less than one inch to evesry forty-foiar feet, 
and shall show the position of the buildings and appurtenances 
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of the properties immediately adjoining, and the width of the 
street, if any, in front. 

Such person shall likewise show on such plan the intended lines 
of drainage of such building, and the intended size, depth, and 
inclination of each drain, ai^ the details of the arrangement pro- 
posed to be adopted for the ventilation of the drains. 

Such person shall sign such plans and sections or cause the same 
to be sigied by lus duly authorised agent. 

46. Every person who shall intend to erect a building, or other- 
wise to execute any work to which any of the foregoing byelaws may 
apply, shall before beginning to erect such building, or to execute 
such work, deliver or send, or cause to be delivered or sent, to the 
surveyor of the Council at his or their office notice in writing, in 
which shall be specified the date on which such person will b^gin 
to erect such building, or to execute such work. 

Such person shall also, before proceeding to cover up any drain 
deliver or send, or cause to be delivered or sent, to the surveyor of 
the Council at his or their office notice in writing, in which shall be 
specified the date on which such person will proceed to cover up 
such dnin. 

If such person neglect or refuse to deliver or send any such notice 
or to cause any such notice to be delivered or sent to such surveyor, 
and if such surveyor, on inspecting any work in connexion with 
such building, or such other work as aforesaid, finds that such 
work is so far advanced that he cannot ascertain whether anything 
required by any of the foregoing byelaws has been done contrary 
to such byelaw, or whether anyuiing required by any of such bye- 
laws to be done has been omitted to be done, and if, within a 
reasonable time after such survey or inspection, such person shall 
by notice in writing under the hand of such surveyor, be required 
within a reasonable time which shall be specified in such notice 
to cause so much of such work as prevents such surveyor from 
ascertaining whether anything has been done or omitted to be 
done as aforesaid to be cut into, laid open, or pulled down to a 
sufficient extent to enable such surveyor to ascertain whether 
anything has been done or omitted to be done as aforesaid, such 
person shall within the time specified in such notice cause such 
work to be so cut into, laid open, or pulled down. 

47. In every case : — 

Where a person who shall erect a building, or shall execute any 
other work to which the foregoing byelaws may apply, shall, at 
any reasonable time during the progress, or after the completion 
of the erection of such bmlding, or the execution of such work 
receive from the surveyor of the Council notice in writing G^>ecifying 
any matters in respect of which the erection of such building, or 
the execution of such work may be in contravention of any such 
byelaw, and requiring such person within a reasonable time, which 
shall be specified in such notice, to cause anything done contrary 
to any such byelaw to be amended, or to do anything which by 
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any sach byelaw may be required to be done, but which has been 
omitted to be done^:-^' 

Such peroon shall, within the time specified in such notice, comply 
with the several requirements thereof so far as such requirements 
relate to matters in respect of which the erection of such building, or 
the execution of such work may be in contravention of any such 
byelaw. 

Such person, within a reasonable time after the completion of 
any work which may have been executed in accordance with 
any such requirement, shall deliver or send, or cause to be delivered 
or sent, to tiie surveyor of the Council at his or their office notice 
in writing of the completion of such work, and shall, at all reasonable 
times within a period of seven days after such notice shall have been 
so delivered or sent, a£ford such surveyor free access to such work 
for tiie purpose of inspection. 

48. Every person who shall erect a building, or shall execute 
any other work to which any of the foregoing byelaws shall 
apply, shall, at all reasonable times, during the erection of such 
building, or the execution of such work, afford the surveyor of 
the Council free access to such building or work for the purpose of 
inspection. 

49. Every person who shall erect a building or execute any 
work to which the foregoing byelaws apply shall, within a reason- 
able time after the completion of the erection of such building, 
or the conclusion of such work, deliver or send, or cause to be 
deUvwed or sent, to the surveyor of the Council, at his or their 
office, notice in writing of the completion of the erection of such 
building, or the conclusion of such work, and shall, at all reasonable 
times, within a period of seven days after such notice shall have been 
so delivered or sent, and in the case of the erection of a building 
before such building shall be occupied afford such surveyor free 
access to every part of such building or of such work for the purpose 
of inspection. 



Pbnaltiss. 

50. Every person who shall offend against any of the foregoing 
byelaws shall be liable for every such offence to a penalty of five 
jKmndSf and in the case of a continuing offence to a further penalty 
of forty shiUings for each day after written notice of the offence 
from tiie Council : 

Provided, nevertheless, that the justices or court before whom 
any complaint may be made or any proceedings may be taken 
in respect of any such offence may, if they think fit, adjudge the 
payment as a penalty of any sum less than the full amount of the 
penalty imposed by this byelaw. 
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As TO THI POWXB OF THI GoUNdL TO BEMOTX, ALTKB, OB FUUi 
DOWN ANT WOBK BBOUN OB DONB IN OONTBAYBNTION OV TBI 
BTBLAWS. 

61. If any work to which any of the foregoing bydaws may 
apply be begun or done in contravention of any such byelaw, the 
person by whom such work shall be so begun or done, by a notice in 
writing, which shall be signed by the derk to the Council, and 
shall be duly served upon or delivered to such person, shall be 
required on or before such day as shall be specified in such notice 
by a statement in writing under his hand or under the hand of an 
agent duly authorised in that behalf, and addressed to and duly 
served upon the Council, to show sufficient cause why such work shall 
not be removed, altered, or puQed down ; or shidl be required on 
such day and at such time and place as shall be specified in such 
notice to attend personally or by an agent duly autliorized in that 
behalf before the Council and show sufficient cause why such 
work shall not be removed, altered, or pulled down. 

If such person shall fail to show sufficient cause why such work 
shall not be removed, altered, or pulled down, the Council shall be 
empowered, subject to any statutory provision in tJiat behalf, to 
remove, alter, or pull down such work. 



Bepbal of Byblaws.1 

52. From and after the date of the confirmation of these byelaws, 
the bydaws rdating to new buildings 

which were made on the day of 

in the year one thousand hundred and 

by the 

and were confirmed on the day of 

in the year one thousand hundred and 

by the Local Government Board shall be repealed, except as regards 
any work commenced before the date of the confirmation of this 
bydaw, or any work not so commenced, but of which plans shall 
dther have been approved by the Council before such date, or have 
been sent to the Surveyor or Clerk to the Council one month at 
least before such date, and shall not have been disapproved by 
the Council. 

1 If there are ftny byelawi in foroe apoa the snbjeot of the foregoing claneM 
this olaoie should be filled in. If there ftre no byeUws in forae this shoold be 
stated, and the oUnse should be struck out. 



CHAPTER XIX 



PLUMBINa 



BmcE there is very little building work which can be satisfactorily 
completed without the use of lead in some form or other, it is 
necessary to devote a chapter to this important subject of plumb- 
ing. As in sundry other departments of building construction, it 
would be possible to write very extensively upon lead work ; how- 
ever, there is a very great deal which need not be touched upon 
in a work which is particularly applied to farm and estate building 
construction. 

Lead is prepared and produced in two marketable forms : — 

1. Cast lead, which is run in a molten condition into sand moulds 
resulting in sheets of about 6 feet wide and 16 to 18 feet long. This 
variety is used where greater strength is required, but is subject 
to irregularities in thickness and what are called sand holes — ^the 
result of the molten lead forming bubbles. 

2. Milled lead, which is produced by rolling* pigs 'of lead out into 
sheets of uniform thickness, which can be varied by the adjustment 
of the rollers. These sheets are 7 to 8 feet wide and 90 feet long. 
The thickness varies according to the purpose for which the lead 
is to be used, the usual weight for different purposes being as 
follows :— 

For Boofis, flats, and large gutters . 7 to 8 lb. per sq. foot 

„ Small gutters, ridges, and hips . 6 „ „ „ 

„ Flashings 5to6 „ „ „ 

„ Bain-water pipes, cistern and sink 

linings 7 „ „ „ 

„ Soil pipes (sewage) ... 8 „ „ „ 

Wherever lead is to be laid in areas larger than those of flashings, 
ridges, hips, ftc., a prepared boarded surface has to be made, having 
no sharp angles or projections and planed to a smooth surface. 
To allowfor contraction and expansion no greater length than 12 feet 
in one piece should be laid, which necessitates junctions between 
the sheets. This is usually done by planed and rounded wood rolls, 
fixed to the surface of the boarding, over which the adjoining sheets 
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of lead lap in such a way that the roll is paased on each side by 
about 3 inches of a double thickness of lead. Another method is 
by placing the two overlapping ends side by side vertically and th^ 
folding or rolling them over and over till they touch the surface of the 
lead flat (Fig. 2^). The use of lead in valley gutters— i.e., the points 
where the downward slopes of two roofs meet — is very usual. The 
gutters may be either ti^)ering or box gutters. The latter type ib 
cheaper and quite satisfactory, as the width of the gutter does not 
alter throughout its length, whereas in the tapering variety, the long^ 
the roof the higher, and therefore the wider, must be the lead. In 
both cases, however, as will be seen from the diagrams, the method 
of laying is very similai"— that is to say, aboarded surface is prepared 
and carried upon supports fixed to the feet of the rafters. The 
box gutter, however, requires vertical sides in addition, and the 
taperod gutter a series of drips, which are steps of 1 inch hi^, 
across the width. The lead at^the sides of^both types of gutters is 




ViQ. 206. 

dressed up under the roof covering to make the joint perfectiy 
watertight (Figs. 206, 207, 210). 

Flashing \b a system of providing by the use of lead and some- 
times cement a water-tight joint at such positions as that where a 
chimney stack emerges bom a roof, or where a roof light abuts on 
the tiles or slates. On the lower side of any such construction the 
lead having been fixed to the face of the brickwork or timber is 
dressed down compactly and taken over the roofing so that the 
rain-water is thrown over the tiles or slates below and dear of 
the joint. Above, the lead is dressed up underneath the roofing 
material and sloped either from the middle to the two ends or from 
one end to the other of the back of the chinmey stack, roof light or 
whatever it may be, in order to conduct the water on to the surround- 
ing roof. The sides remain to be rendered waterproof, and this is 
done by dressing the lead in raking or stepped fiaahings and fixing 
in the joints of the brickwork and down to the level of the doping 
roof, either projecting for 3 or 4 inches over the slates or tiles or 
underneath forming a secret gutter constructed as shown in the 
dia^ams (Figs. 208, 209). 

The junctions of lead pipes also form an important part of a 
plumber's work^ the two most generally employed being — 
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1. A blown joint which oonsista of the ends of two pipes being 
respectively opened and filed down to fit each other, tiie ^Moe 
between the two ends bdng filled with solder composed of one part 
of lead and two of tin (Fig. 212). 

2. A wiped joint, used for pipes of larger diameter than above. 
The ends of the two pipes to be joined are prepared as in the blown 
joint, but the amount of solder— which in this case is composed of 
I| or 2 parts of lead to 1 of tin — extends about 2 inches above and 
2 inches below (4 inches in aU) the junction. The solder is car^nlly 
poTU^ in and wiped round, the operation continuing until the joint 
presents the appearance shown in the diagram (E^. 211). 

Pbicbs 
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CHAPTER XX 
spxonnoATxoNS, bto. 

In all cases where any building work has to be done, no matter of 
what size, it is nearly always necessary for the architect, or at any 
rate him who is responsible for the design and arrangement, to 
specify in writing every detail in connection therewith. For this 
purpose it is desirable for those who may at some time or other find 
themselves in such a position of responsibility to know how a speci- 
fication is composed in the clearest and quickest way. Having 
once laboured through the building up of a specification, all subse- 
quent compositions can well be based upon the original, and all 
necessary alterations in detail made according to tiie intentions 
of the designer. 

Firstly, it is necessary to subdivide the whole specification into 
the various trades which it will be necessary to employ—such as 
excavator, mason, bricklayer, carpenter and joiner, glazier, ftc, 
as shown in the specifications of either the stables or cowhouse or 
any of those given in this volume. This being done each trade is 
taken separately and every detail entered seriatim under its correct 
trade. As will be seen on reference to the specifications mentioned 
above there are sundry somewhat important preliminary and 
general clauses with which the specification should commence, 
chiefiy when the work in question is to be let out to contract; and 
the builder chosen to carry out the work, either as a result of his 
tender being the lowest or by reason of his good reputation, is then 
easily able to comprehend his responsibility, and the specification 
and drawings form an agreement by which both he and his employer 
must stand. 

There is a variety of ways in which a specification may be worded, 
some being somewhat verbose and others abrupt. A very usual 
method of writing such is instanced in those specifications ahready 
referred to. 

Were it possible to clearly show in the drawings of some projected 
building every detail of construction and arrangement no specification 
would be necessary, but as can be readily understood this is not 
possible, and it is therefore the custom to consider the drawings and 
specification simultaneously, and that which is not shown or stated 
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in the one is to be found in the other in such a way that there should 
be no doubt as to the intention of the designer. Both the drawings 
and the specifications are signed by the selected contractor, and, as 
previously stated, such signature forms a lasting and inviolable 
agreement between him and his employer. Any alterations in 
either subsequent to the appending of the signatures and approved 
by arrangement between the two parties are additionally initialled 
by the bmlder, and have a similar effect to that of a codicil in the 
case of a will. 

The contractor is supplied free of charge with one copy of all 
working drawings and specification, and subsequently such detail 
drawings as are necessary for the execution of any part of the work 
at the request of the contractor, the request being made within a 
reasonable time before it is necessary to execute the work in order 
to fulfil the contract. An architect may demand vouchers from 
the contractor to show that the materials are such as are specified. 
The method of pa3ang for work completed can, of course, be decided 
by agreement between the contractor and the architect, but 
generally certificates are given from time to time by the Latter, 
vouching for the fact that the contractor is entitled to receive 
payment in respect of, at any rate, a reasonable percentage of work 
satisfactorily carried out up to date. As space is necessarily limited 
in the present work and the question of contracts is of a lengthy 
nature it will perhaps be best to state that a Form of Agreement and 
Schedule of Conditions for Building as issued by the sanction of the 
R.I.B.A. in agreement with the Institute of Builders and the 
National Federation of Building Trade Employers of Great Britain 
and Ireland can be obtained at any time at the office of the Institute, 
9 Conduit Street, W., at a cost of one shilling. 

In cases where building work is somewhat extensive a clerk of 
the works is appointed by the architect under whom he acts as 
inspector, and who is entitled to have access at all times to any 
drawings or parts of the works. His function is to be on the spot 
throughout the carrying of the contract, to keep records and 
diaries, and to report periodically to the architect. 

A priced bill of quantities is merely a list of all material required 
which states the amount and cost of each detail. In large contracts 
this is prepared separately by a quantity surveyor as a guide and 
check in the selection of the contractor who is to carry out the work. 
By this means it is possible to discover in the most exhaustive 
manner the cost of any proposed building. There are other, though 
not as accurate, ways of estimating, which can be utilised for the 
purpose of obtaining a fairly shrewd idea of the ultimate cost. The 
most usual is by cubing the contents : taking as the height the vertical 
distance from the footings to halfway up the roof and multiplying it 
by the length and then the breadth. Roughly, the price per cubic 
foot can be classed according to the type of bmlding in question and 
may range for purposes of farm and estate work from 3^. to 8d. or 
9d. Thus, in the case of a labourer's cottage, when the cubic 
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contents are reckoned up the cost may be worked out at ^^d. per 
cubic foot. Another way of arriving at the probable cost is by 
reckoning at, say, £50 a room in a dwelling-house or £8 a cow in 
a stock-house. This method, however, as can be seen, is the 
least likely to give very reliable results and would only be used 
in the initial stages of anticipating the cost of some projected 
building. 



GHAFTEB XXI 



BUBAL OOTTAOBS 



Ths question of houBing the labourer is one which has attracted 
an enormous amount of attention of recent years and one which 
has been discussed very thoroughly throughout the length and 
breadth of the land from every possible aspect. There is no possible 
doubt that it is one of extreme importance and fully justifies all the 
attention that it has recently attracted. But there seem to be 
several points which a cursory glance at the question does not cover. 
In a large number of cases a landlord and his territorial possessions, 
including the dwelling-houses thereon, are in a similar position to a 
manufacturer and his business. Looking at each from a business 
point of view, they are based upon the same idea ; that is to say, 
the landlord's capital is invested in his possessions in a similar way 
to that of the manufacturer, and it is to be supposed with equal hopes 
of a fair percentage thereon during each year. It follows therefore 
that any cottages erected on his land are intended to produce eco- 
nomic rents, and it is these rents which are governed by the wages 
of the occupants. Just as a City clerk earning a very small income 
cannot afford to live in a house which costs him more than a certain 
amount no matter how extensive his family, so a labourer working 
on a farm cannot afford to occupy a cottage whose dimensions 
necessitate the demand of a higher rent than his wages justify. The 
landlord from a purely business point of view is surely entitled to 
the return on his capital which he has left invested in the land to 
the great benefit of those who require wcvk, and he cannot be held 
responsible for the maintenance of the ever-increasing families of 
his workpeople. He may build small cottages and he may build 
large cottages, but it is always at the option of the labourer to choose 
between them according to his means. In dealing therefore with 
the varying rate of wages it is necessary to evolve a series of classes 
which shaJl be applicable to cottage building, providing when 
required the smallest and least expensive type and as required a 
larger type for those who are able to afford the economic rent 
charged for them. The smallest type of cottage is at the present 
moment the one of greatest importance, and the endeavour of to-day 
is to build such in a way which adequately houses the occupant 
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and his family and at the same time of such a cost that the landlord 
is enabled to charge a rent which is at once economic and compatible 
with his tenants' wages. There are two forms in which cottages 
can be built : (1) Two floored ; (2) Bungalow. The latter type is 
particularly to be considered in exposed situations and where land is 
possible of cheap acquisition, in addition to which the inconvenience 
of the necessarily somewhat precipitous and awkward staircase is 
eliminated. 

The drawings of the two types will give a fair illustration of what 
is reasonably possible where conditions are normal, and it will be 
noticed from the specifications that though no inferior materials 
are used great care has been ti^en to leave out anything not abso- 
lutely necessary without reducing the comfort. There are one or 
two points which should invariably be borne in mind when consider- 
ing the ultimate comfort of the occupants and are as fellows : — 

1. The kitchen or living room. Used mainly for living and 
should therefore have the best aspect, i.e. south or south-west. If 
there be a parlour it is only in occasional use. However, such a 
room, no matter how small, should if possible be provided, as it is 
the custom of the class rigidly to set apart one room in the house for 
the storage of household gods, and in the case where only a kitchen 
or living room and a scuUery are provided, the latter will almost 
invariably be used as the Uving room and the former relegated 
practically to disuse. 

2. A larder and fuel store, each of ample size are necesscuy. 

3. In planning the bedrooms due provision should be made for 
the suitable placing of the beds with relation the doors, windows, 
and (where provid^) fireplaces. 

4. In selecting materials preference should be given to those 
appertaining to the district. 

5. Not only from an economical point of view, but also for 
purposes of cleansing, the floors should be of concrete or good red 
tiles downstairs, at any ^ate in the living room and scullery. 

6. There should be facilities for the storage of rain water and 
suchstoreshouldbeeasy of access — that is to say, if possible, pumping 
should be dispensed with. Even in cases where there is a good 
supply of well water close at hand it is advisable to collect the rain 
water, as every housewife will agree as to its value for household 
purposes. As the first few minutes of a rainstorm will produce 
unclean water from the roofs of houses it is a very usual custom to 
provide an inexpensive contrivance which prevents that water 
from being collected in the storage tank, so that in effect the result 
is that the roofs are swilled down before the rain they collect passes 
into the tank. This latter should preferably be of galvanised iron 
and not the commonly used barrel or water-butt ; though the wooden 
rain water butt is less unsightly it is insanitary and altogether 
imsatisfactory. The tank should be raised sufficiently above the 
ground to allow of buckets, ftc, being placed under the draw-off tap. 
A suitable position for this tuik will be easily found adjacent to the 
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back wall of the oottage without material^ altering the arrangement 
of the back premiflee. 

7. For simplicity, expense, and appearance, casement windows 
cannot be saperseded. These should be constructed in aoocMrdanoe 
with the locsl byelaws and, where possible, provided with transoms 
made to open, widoh provides for ventilation in all weathers, an 
advantage which is frequently impossible where casement windows 
are concerned. 

8. A plentiful supply of cupboards is a necessity — another point 
which wins the grateful approval of all housewives. 

9. Another useful provision which makes for the increased 
comfort of the dwelling is that of a separate wash*house. This need 
only be of small dimensions and open-fronted so long as it affords 
shelter, sufficient size for the purpose required, and protection from 
the cold winds. 

10. The general living room which is used the most should be 
placed so that its windows look on to the road, or at any rate in the 
direction where most is to be seen. 

11. All expense should be directed towards efficiency, not only as 
r^ards construction, but also in such matters as unsmoly chimneys, 
a warm and habitable living room, ftc, rather than in adornment 

Approximate cost of pair of Six-roomed Cottages, 15,347 
cubic feet at 6d. - £319 Ua. Id., or about £160 per cottage. 

The Bungalow. — ^This oottage is built in the cheapest possible 
form, i.e. with timber framed walls upon 4} inch brickwork. The 
outside is rough cast, giving a pleasing appearance and at the same 
time insuring a dry interior. The floors of the kitchen, larder, 
back passage, and coal store are of concrete, the rest being of timber. 
The roof is covered with asbestos cement tUes, which admit of a 
flat pitch and at the same time, being exceedingly light, the number 
of rafters can be reduced by one-hdf . The coUar oeams also act 
in the capacity of ceiling joists. As shown in the plan it is necessary 
to build the flreplaces and those of the walls which are in close 
proximity, of brickwork. The position of the cottage is due north 
and south, thus insuring the coldest aspect for the larder and that 
rarely used room, the parlour. All the other rooms get sun from 
the east and the south. 

The cost of this bungalow at 4d. per cubic foot works out at 
£127 14^., so that for about £130 it would be possible to include a 
small shed with a copper and E.C. in the garden, of timber and 
galvanised iron, floored in concrete. 



CHAPTER XXTT 

SFBGOIOATION NO. I — CABT SHBD 

Gbnbbal CONDmONS 

Site. — Clear the site of all trees, shrabs, ftc, grab up all roots, 
and prepare for building. 

Water. — ^Provide water for the whole of the work, paying Water 
Company's charge for same. 

Workmanship. — ^All the materials and workmanship to be the 
best of their respective kinds, and the contractor is to leave the 
works in aU respects clean and perfect at completion. 

Seaflolding. — Provide, erect and maintain, and finally clear 
away, good and sufficient scaffolding for the use of all trades. 

Cairiage, &e. — Provide all requisite cartage, carriage, tools, 
tackle, and every other matter required for the proper performance 
of the works. 

Covering np. — ^Allow for covering the brickwork during inclement 
weather, and provide water shoots and any other requisite protection 
to the whole of the works. 

Insnranee. — ^The contractor shall, so soon as the rooft are on, 
insure the buildings against damage or loss by fire, in an approved 
office, for the total amount of the contract price, and shall pay the 
first premium thereon. 

Rubbishy &c. — Clear away at completion all surplus materials, 
rubbish, ftc, and leave the shed fit for occupation. 

Add to all p. c. (prime cost) amounts and list prices for packing, 
carriage, profit, and fixing. 

Completion of Works.— The contractor shall give possession of 
the completed works on the day of , 19 . For 

every day/week after the said date during which the works are 
uncompleted the contractor shall pay the employer the sum of 
£ sterling per day/week as damages. 

DefeetSy &e.— Any defects, shrinkage or other faults which may 
appear within months from the completion of the works, 

vdiether due to detective workmanship or materials or to failure to 
obsOTve any of the aforesaid covenants, shall be made good by the 
contractor at bis own cost. 
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EZOAVATOB AND BbIOKLAYBB 

Exeavatlons. — The earth from the excavations is to be wheeled 
and deposited and spread on the site where directed. 

Excavate the trenches for foundations of walls and posts to 
the depths and widths shown, fill in and ram earth to footings 
and stone bases, and wheel and deposit the remainder as above 
described. Any water that may accumulate in the trenches or 
excavation during the progress of the work to be baled or pumped 
out, or otherwise removed from the site. 

Conerete. — ^The concrete for the foundations to be composed of 
clean sharp gravel or hand-broken bricks in the proportion of one 
of fresh burnt ground blue lias lime to six parts of aggregate, with 
a sufficient quantity of clean sharp sand mixed by measure in small 
quantities, well rammed and properly levelled. Large portions of 
aggregate to be broken, and none to be larger than unll pass through 
a 71' ring. Use of ' plums ' permitted in foundations, but not at 
more frequent intervals than one to every six feet. 

Brieks. — The bricks to be picked stocks, sound, square, weU 
and evenly burnt. 

Lime. — ^The lime to be obtained from an approved manufacturer. 

Mortar. — ^The mortar to be composed of one part lime as above 
to three parts of clean sharp sand. 

Bed and Point. — Bed sJl plates and timbers where they rest on 
or in the brickwork in mortar. 

Templates.— Provide and fix concrete template 12^ x 9' X 6"^ 
to support ends of tie beams and o€kk head where they rest in the 
walls. 

Pointing. — ^Point aU brickwork inside and out. 

Stone Base. — Provide and set Portland or other approved hazd 
stone base 2^ 6' X 12^ X 12^ with chamfered top edges. Set same 
18^ in the ground in concrete. The stone base to be provided with 
a 3^ X }' round galvanised iron dowel let in lY with lead. 

GuUeys. — At the feet of the B.W. pipes fix Doulton or other 
approved stone-ware gullies with galvanised iron gratings, set in blue 
lias lime concrete, and coimect to drain. 

Slate8.--Gover the roof with approved good quality Countess 
slates laid to 1^ lap. 

Ridge Tiles. — Provide and fix approved half-round red ridge tiles, 
set and pointed in cement. 

Gabpxktsb 

The whole of the fir timber for constructional purposes to be the 
best quality Memel, Riga or Dantzic, sawn die square and to hold 
the fidl sizes stated or diown on the drawings. 

The oak to be of English growth, sound and well seasoned, and 
out from trees which have been felled at least five years. 
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Only the oak timber to be wrot. 

All the timber to be creoooted by the boiling procesB. 

Batten, &e. (Fir).— The rafters to be 3}'^ x 2^. 

The roof battens to be 2^ x I"". 

The tie-beams to be d' X 4^ 

The Btrats to be 3}'' X 3}^ 

The purlins to be 7' X 6^ 

The waU plates U)he4i' x S"". 

Posts, &c. (Oak).— The poets to be 9^ X 9"^ and mortised at 
lower ends to fit over iron dowels in stone bases and tenoned at the 
heads to form joint with oak head. 

The head to be 9^ x 9^ mortised to form joints with posts and 
bedded at each end on concrete templates in walls. 

Root Trusses. — ^Tie-beams of roof trusses to be bedded on conCTete 
templates in walls, and securely jointed to oak heads in front of 
building. 

Wood Stop.- Provide 9^x3'' wood stop throughout length 
of building as shown, securely sunk 6^ into ground. 

FOUNBSB AKD SmTTH 

Bavei^ Gutters.- Provide and fix 4"" half-round eaves' gutters 
to front and back roof slopes and cast-iron brackets screwed to feet 
of rafters. The joints of gutters to be put together with red lead 
and oakum. 

R.W. Pipes.— Provide and fix 3"" diameter B.W. Pipes with ears 
oast on and nails, securely fixed to wall at back and central oak poet 
at front respectively. 

Provide necessary swanneck bends and shoes. 

Provide 2"^ X |^ W.I. straps where required in roof trusses. 



Paiktbb 

Ironwork. — Scrape and paint four coats on water pipes, eaves' 
gutters (inside and out), brackets* and WJ. straps with approved 
tint. 
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68 10 





3 squares 


13 10 


Ircmoofk. 










Eaves* gutters (inolusiye 96 feet 
run@81d. .... 










3 8 





22 feet run 


16 7 


Bain water pipes, 11 feet run @ Is. 


11 









Swanneok bends, 2 feet @ 1#. 9ci. 


3 


6 






Shoes, 2 feet @U. 3d. 


2 


6 






133 2 


e* 


26 13 2 



14,360 cubic feet = £133 28. ^d. 

= practically 2^. per cubic foot. 

When the cart shed is a dissociated building add £26 13^. 2d. 
for every bay added and deduct for reduction per bay. 
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As in Specification No. 1. 



CHAPTER XXin 

SPBOmOATIOK HO. 2— CABT-HOBSB STABLBS 

Gbnbbal C!onditioks as in Specification No. 1. 
Excavator and Brioklaybb 

Bxeavations. — Aa in Specification No. 1 omitting all work for 
stone bases. 

Concrete \ 

Brleks tor Walls 

Mortar 

Lime 

Bed and Point 

Pointing 

Galleys (Rain Water) 

Ridge Tiles. — As above. Set every fourth tile in cement with a 
2f overlap on those at each side. 

Roof. — Cover the roof with Broseley or other approved red tiles 
laid to 4/" gauge, each tile nailed with two galvanised iron nails and 
the heads of the tiles to be bedded in mortar. 

Point eaves in cement. 

Cutting. — ^Perform all cutting to hips. 

Hip TQes. — ^To hips put hip tiles to suit pitch of roof and set and 
point in cement. 

Floor. — ^Lay over whole of area within the walls a V core 
of hard dry brick rubbish to receive a layer of 4"" of concrete laid 
accurately to falls as shown in stalls, dunging passage, and drain 
channel. The whole of the floor in the stable proper to be composed 
of approved Staffordshire blue bricks on edge, laid on the concrete 
bed and jointed in cement. The length of the bricks in the drain 
channel to run in the direction of the drain channel. 

The floor of the hay store to have a surface of I'' cement 
floated to a smooth surface. 

Relieving Arehes.— Build square arches as shown over all door and 
window openings in front of building. 

Turn 9^ two-ring arch over door from stable to hay store. 

X 2 
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Cnit*— IVovide and fix to each window 6"" x 4' sunk weathered 
and throated York stone cill. 

Damp Course. — Lay through the whole thickness of all walk a 
damp course formed of two courses of stout slates, laid to break 
joint, set and bedded in cement. 

Ltanewhtte. — ^Twice limewhite on walls of stable. 

Drainage. — Excavate for and lay Doulton's or other approved 
glazed stoneware socketed rain water and sewage drains jointed in 
cement, laid to uniform fall of 3 inches in 10 feet and in straight 
lines from bend to bend. Fill in after the drains are laid, well ram, 
and spread the surplus earth where directed on site. 

OuUey. — ^Provide and fix guUey at outlet of stable drain. Build 
brick fender 41"^ high. 

Fresh Air Inlets.— Provide to each stall as shown 9"^ x Z" CI. 
grating for ventilation. 

Garpbmtbb and Joikbb 

The timber as in Specification No. 1. 

Batters, &e.— The rafters to be 4"" x 2r. 

The collar beams to be G"" X 2^. 

The hip rafters to be fi"" X 3"^. 

The larger door into hay store to be a pair and to be framed 
and braced 2^ thick and hung similarly to the other doois, 
provided with box rim lock and furniture. 

The door into loose box to be constructed to match the stall 
divisions with 3}' X 3"^ meeting stile and V x 3^ hanging stile, 
&" X 3"^ top, middle and bottom rails, and 4^ x 3' diagonal brace, 
close boarded on the outside with f^" x 1^ boarding securely 
naUed to rails. 

Windows. — ^The windows to be of deal and 2^ thick, moulded 
and rebated, the lower half fixed and the top half hinged on 3' 
butts at the lower side to open inwards. The jambs and heads and 
cills to be 41'' x 3' rebated. 

Ibokmonokb 

Iron Dowels. — ^To the feet of all door frames put iron dowels. 

Holdfasts. — ^For the door and window frames build in four 
holdfasts to each, let in and screwed to frames. 

Manger Ties. — Provide and fix Y galvanised iron manger tie 
bars connected to halter rings in front and taken through the wall 
at back and fitted with washers and nuts on the outer ends. 

Saves' Gutters.— As in Specification No. 1. 

R.W. Pipes.— As in Specification No. 1. 

Qlazixb and Paintbb 

The glass to be British, the best of its kind, free from all bubbles, 
and to be well puttied and back puttied. 
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The painting to be finished approved tints, and well rubbed 
down between each coat. 

Glazing.— The glazing is to be 22 oz. sheet glass. 

Ironwork. — Scrape and paint four coats on water pipes, eaves' 
gutters, and strap hinges. 

Woodwork. — ^Knot, stop, prime, and paint four coats in addition 
to the priming coat on all woodwork of outer doors and windows. 

The wall plates to be 4^"^ x 3^ and to have cement slope from 
inner edge to top edge of brickwork as shown, to prevent rats 
and mice. 

The roof battens to be 2^ x V laid according to gauges of 
tiles. 

Stall Divisions. — ^The posts to be oak dump-ended and firmly 
bedded 2' 6^ in the ground and to be mortised for rails. The 
rails to be 3^ X 2^ (fir) tenoned into heel posts and centre posts and 
built into walls. 

Provide centre posts (fir) 3'^ x 3^" and bed in ground 2 feet deep. 
Mortise for rails. 

Top rail to be provided with 4^" x 2'^ capping with rounded 
edges. 

The stall boarding to stop 3 inches from ground and to be 
6'^ X I' square jointed and wrot deal firmly secimd to rails. 

Mangers.— The mangers to be of 6^ x 1"^ rebated and wrot 
deal as shown on drawings, the face to slope and the bottom to be 
laid on 3^ x 2'' bearers — 3 feet apart — firmly built in the wall. 

The top of the manger to be finished with 3^" x 2"^ wrot and 
rounded capping, rebated for boarding and fitted with halter ring and 
tie bar, as diown. 

Doors. — ^The two outer doors of stable to be l^"^ lodged and 
braced, and hung in two heights bevelled outwards at the centre 
Une to shut close, and hung with bolts and straps and provided with 
latches top and bottom and bolts on the lower halves. The door 
posts and head to be 4^" x 3"^ rebated. 

The door from stable to hay store to be similar to above, but 
3' 6"^ wide and hung in one height with one latch and no bolts. 

(For Priced Bill of Quantities, see p. 314.) 
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Pbiobd Bnx or Quantitixs iob Stabucs 



ForWtaotoBoildliig 


PcBay 


■fflffttWrflffHi. 


£ #. 


d. 




£ s. d. 


Walls, 37-70 a ydfl.@2#.. 


3 15 


4 


2-77 0. yds. 


6 6 


Site, 106-25 iq. yds. ®M.. 


3 10 


8 


10 sq. yds. 


7 6 


CimcrwU (Lime). 










Foondatioiis 15-23 o. yds. @ 










lii».6d. . . . 


7 10 10 


1-11 0. yds. 


11 7 


StaUs, fta, with hard oore 80-50 










sq. yds. @U,tid. . 


6 14 


4 


13-3 sq. yds. 


10 11 ; 


Hayvtore with haid oore 16*66 








1 


sq. yds. @4s.6d. , 


3 14 11 






Brickwork. 










Walls (less dedaotions) 4 rods @ 










£14 


56 





0-276 rod 


3 17 3 


Blue Staffordshire Bricks on edge 










in stalls 80-50 sq. yds. ® 12«. 


53 16 





13-3 sq. yds. 


7 10 6 


Timber, 










Stall Divisions, No. 7® ay. £2 . 


14 







2 


Manners, No. 7 @ ay. 15«. . 
Windows, No. 5 @ £2 


5 5 
10 








15 


Doors, No. 2 @ £2 10«. . 


5 









No. 1 . 


2 7 









No. 1 . 


5 









Hocf (indnsiye). 










15} squares @ £4 lOi. 


70 17 


6 


H squares 


6 15 


Ironwork, 










Eaves' gutters, 160 ft. run @ ^d. 


5 13 


4 


12 ft. run 


8 6 


Rain waterpipes, 12 ft. run @ U. 


12 









Swanneok bends. No. 2 ® Is, Od. 


3 


6 






Shoes, No. 2 @ 1«. 3d. . 


2 


6 






Fresh Air Inlets No. 7 @ 1«. 3d. 


8 







1 3 


Oulley Trap (sewage) No. 1 


15 









„ (R.W.) No. 2 @Ss. 


16 









257 


8 


24 1 



12,726 cubic feet « 4'84d. per cubic foot or £36 14^. 3^. per stall. 
For each additional stall required add £24 Is. 



CHAPTER XXVn 

THB 7ABM HOMBSTBAD 

The Block Plan 

A FEW words regarding the accompanying block plan of buildings 
for a 400-acre mixed farm will, it is hoped, help to banish doubt on 
any point which may be entertained by the reader. 

The North Range has been entirely set apart for the storage 
and preparation of food, the housing of carts and implements, £c. 
In fact, all stock-houses have been carefuUy grouped in other and 
warmer parts of the plan, thus deriving protection from the North 
Range, which for the greater part of its length is two-storied, 
and therefore of great vsJue as shelter from the coldest direction of 
the wind. Straw bams, as such, may now be considered as prac- 
tically obsolete, owing to the introduction of the cheaper and more 
convenient Dutch Bams. It is a very common sight in old fiirm 
buildings to see what was originally a straw bam turned into sheep 
pens, pens for mares with their foals, pig pens, ftc., which goes to 
prove how unnecessary it is to incorporate a special straw bam of 
expensive height in a modem up-to-date set of buildings. 

In the accompanying plan it will be noticed that the calves, 
though separated by a brick wall, are kept near the dairy herd and 
the milk-can and weighing and cooling rooms situated conveniently 
close to a thoroughfare where carts can be brought up close, and to 
the cowhouse itself whence the milk is derived. The horses both 
farm and private are provided for in one part and are all together 
with whatever is necessary for feeding purposes, and the top exit 
from the farm stables is close by the cart shed. A sufSciency of 
boxes will be found for normal purposes, in fact there is one box in 
excess of what is stated by rule of thumb to be necessary. The 
bull is provided for in a convenient and sunny, yet fairly isolated, 
spot — ^a point not always considered in planning farm buildings. 
IKgs are housed in an entirely separate block of buildings and have 
nothing to do with tiie main block, which system is generally 
recognised by authorities on the subject to be by far the most 
satisfactory. 

It will be noticed that the cost of drains has, as far as possible, 

T 
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been kept low — that is to say, the least possible amount of under- 
ground lengths of pipe are i^own, and the necessary inspection 
chambers indicated. 

All the boxes are contained by solid walls , which is an advantage, 
as they are more likely to be frequently used for calving and for sick 
animals, in both of which cases isolation and quiet are desirable. 
The roof of the central cowhouse is a continuous one running from 
the North Range to the south end of the building and supported 
at intervals where no cross wall occurs by timber queen post roof 
trusses. Springing from and supported on brick piers at the same 
points along the east wall of the cowhouse are the steel roof trusses 
spanning the covered yard. As r^ards ventilation, all the stock- 
houses, stables, boxes, ftc., are provided with adequate fresh air 
inlets in the walls six inches or one foot above the floor level, and with 
the exception of the dairy cowhouse, outlets for foul air are provided 
by the system of raising every second or third ridge tile. The 
cowhouse and the covered yard should be provided with louvres 
at the apices of the roo&. These may either be continuous or 
otherwise. The roof covering naturally depends upon the locality, 
and may be either of tiles or slates, and if economy is to be studied, 
asbestos cement tiles may well be selected, in which case not only 
wUl there be considerable saving in roof timbers due to the lightness 
of this type of tile, and a flatter pitch possible than in the case of 
ordinary plain tiles, but a great deal of money wiU be saved in the 
actual roof covering itself. 

It would be well, in order to keep the eaves of the North Range 
as low as reasonably possible, to support the roof with a composite 
roof whose camber gives adequate head room in the centre of each 
floor. Over the implement shed and the mixing floor, it will be 
necessary to provide bindera, either of timber or steel, in order to 
form a double floor which will give the requisite strength. As will 
be noticed, the unavoidable position of one binder end over the 
door of the implement shed necessitates a cross girder at that point. 

It is possible to arrange for enough windows in every separate 
house or room on the plan, with the possible exception of the dairy 
cowhouse aiul calf pens. These can be well provided for by a few 
roof lights. 

As regards the cost of such a block of buildings it is not easy to 
make a hard-and-fast statement which shall be applicable to every 
condition. However, by calculating the average cost of farm 
buildings round about the size of the present case, i.e. for a 400-acre 
mixed farm, it is fairly near the mark to assume £6 per acre of the 
area of tiiie whole farm. This gives us a total cost for the block as 
£2400, for which sum it should be quite possible to erect an extremely 
adequate set of buildings. 



CHAPTER XXVra 



SMALL HOLDINOS 



In considering the question of buildings for small holdings we come 
to an important problem and one which is capable of considerable 
discussion and argument. One point which is certain is that these 
buildings must be provided at the smallest possible cost, and at 
the same time be adequate and suitable for the type of holding 
concerned. There are three distinct t3rpes of production which 
necessitate individual and peculiar provision as regards the farm 
buildings themselves, though the farm house will not require to 
be differently planned except to suit holdings of different acreage. 
Market gardening, general farming, dairy fanning— these three 
would appear to represent the various requirements. 

It should be borne in mind when planning these buildings that 
future extension may be necessary and the arrangement should be 
such that additions can be made without great difficulty. The 
least possible accommodation that is compatible with efficiency 
should be provided in the first place. This gives a tenant the 
opportunity of feeling his way as it were and of * expanding ' as he 
succeeds, instead of falling into the error — one to which human 
nature is liable — of attempting too much at first and being obliged 
subsequently to throw into disuse some part of his buildings for 
which he has nevertheless to pay rent, though deriving no benefit 
therefrom. 

Market gardeners and fruit-growers require the least expensive 
and smallest sets of buildings, generally comprising a packing- 
shed, a store, a stable and cart shedding, and an artSScial manure 
and tool store. Unless the holding is very large such buildings can 
be erected of timber at a cost not much excee&ig £100. 

The buildings for a holding devoted to general farming are of 
quite a simple nature, but, of necessity, more expensive than those 
for market gardening and fruit farming. For a holding of about 
30 acres the buildings would comprise a mixing room and fodder 
store combined, a stable for two horses and a cart shed, a cowhouse, 
two pig pens and a small store for implements, tools, artificial 
manures, Ac. According to the acreage of the holding so it would 
be necessary to add to these with loose boxes, extra accommodation 

t2 
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in the oowhouBe and the stable. The boxes will be found to serve 
many pniposee, e.g. for calves, extra pigs, fattening beasts, or a sick 
animal, and therefore their variety of possible utility should be 
borne in mind when placing them on the plan as regards their 
desirable or undesirable proximity to the various departments and 
houses of the rest of the buildings. 

A dairy-farming holding, again, will require its distinct type of 
buildings, since the production of milk and dairy produce will 
represent the tenant's one principal means of livelihood. This bdng 
so, it naturally follows that tixe regulations drawn up by local 
authorities under the Dairies and Cowsheds and Milkshops Order 
will have to be complied with in the matter of cubic air space, 
lighting, ventilation, storage of milk, cleansing of stock-houses, 
imlk utensils, Ac. These r^pilations more or less simplify the task 
of planning at the outset, since the designer will go to work in ^e 
full knowledge of what has to be in order to ensure their observation. 
The dairy herd — ^their accommodation, food factory products and 
progeny — ^will, of course, be the question of prime importance ; and 
such, according to the size of holding, will occupy practically all the 
space to be covered with buildings, leaving merely a few carts and 
a horse or horses to be provided for. The stable should be situated 
well away from the cowhouse, as it has been proved that stable 
odours will put cows off their feed, which will naturally affect the 
principal product of this particular holding — the supply of milk. 

There are one or two points which are of common importance 
in all the different types of small holding buildings and which must 
be borne in mind in order to ensure efficiency and satisfactory 
results. 

First of all the buildings, being of what is known as a temporary 
nature, should be built of timber on dwarf foundation walls 4| inches 
tiiick, and the roofs covered with some inexpensive but effective 
and lasting material such as asbestos cement tiles, corrugated iron, 
ruberoid, or something akin to any of these. Asbestos cement tiles 
from more than one point of view are an inexpensive and eminently 
satisfactory form of roofing. In the first place they can be supplied 
and fixed at a comparatively small cost : again, the pitch of the 
roof can well be not more than thirty degrees, and as the tiles are 
extremely light the supporting roof timbers may be considerably 
reduced in size and therefore in expense. The fact that asbestos 
is a non-conductor renders roof boaniing unnecessary. 

As can be easily understood, the choice of site will very materially 
affect the cost of erecting small holding buildings, since the water 
supply and drainage are vitally important items which must be 
considered. Preferably the slope of the land should assist in the 
drainage operation, and some provision made for the collection 
thereof by means of a sewa^ tank, whose watertight condition, 
however^ must be above suspicion. A good water supply is abso- 
lutely necessary, and if such cannot be provided in the cheapest 
and most ideal way— that of gravitation — ^it is possible that a weU 
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may have to be sunk. If this well is to provide drinkiiig water for 
the house in addition to being used for all purposes in the stock- 
houses it is desirable— nay, even necessary — for it to belong to the 
type known as ' deep,' which means that a water-bearing stratum 
of rock must be reached and the surface and subsoil water exduded. 
A * shallow ' well derives its supply of water from the surface and 
immediate subsoil, with the result that the water obtained is very 
little dissimilar to rain-water, whereas the supply from a * deep ' 
well is pure and ^hard.' Where it is possible to supply two or 
three farms from one point and a suitable stream can be used in 
the near vicinity an hydraulic ram is one of the cheapest, most 
effective, and satisfactory methods of supply 

The cost of the necessary buildings for a fair-sized small holding 
of about 50 acres should not exceed £300-£350 for the house and 
£400-£450 for the other buildings, otherwise the tenant will 
have, for economic reasons, to be charged a rent greater than his 
holding warrants. 

The drawings given herewith are for a general farming 
holding of about 50-60 acres, and will give a clear idea of the 
method of construction advisable in this class of work. It will 
only be necessary to alter the internal accommodation to suit the 
particular type of produce in which the tenant intends to traffic 
for a living. An inclusive method of working out the approximate 
cost of these buildings is by ciJculating the cubical contents through- 
out including the covered yard, and reckoning an average of 2id. 
per cubic foot. 

50895 cubic feet at 2|d. = £530 3^. l^d. 



CHAPTER XXIX 



STBIBL BOOF TRUSSES 



Althotioh it is possible to substitute steel for timber in roof trusses, 
no matter how smaJl the span, it will generally be found more 
satisfactory to employ timber for all spans not exceeding 35 feet. 
From that measurement upwards the advantage in using steel 
increases for the following two important reasons : — 

1. When the span is greater than 35 feet, the timber members 
of a roof truss are necessarily large in scantling and therefore 
expensive. 

2. Large scantling means a ponderous and somewhat over- 
whelming appearance, whereas, even in very big spans, a steel roof 
truss can be constructed so as to present quite a light effect. 

Another distinct advantage which steel has in such work over 
timber is the possibility of construction with a camber, i.e. the 
vertical distance from tiie level of the top of the template to the 
underside of the tie bar, giving a great deid more head room. This 
is impossible in a timber roof truss of considerable span as the tie 
beam has to rest upon the templates at a level which must be 
maintained from waU to wall. 

The covered yard, therefore, is in all probability the only span 
throughout the buildings for a farm of reasonable acreage where 
any great advantage will accrue by the use of steel in the roof 
trusses. This span will, of course, vary with different plans from 
about 35 to 50 feet. Taking 40 feet as a fair average span, the 
accompanying drawing of a steel roof truss with aU its details 
furnishes a typical example, in design and scantling, of a suitably 
constructed truss. It will be noticed that the principal rafters and 
struts are of T-section, the former being a little larger than the 
latter. The Idng rod and the smaller queen rods are simple bars 
of circular section. At the points where the rods and struts are 
fixed to the tie rod, which is also of circular section, the latter is 
forged into nearly rectangular bulges through which bolt holes 
can be drilled without weakening the rod as would be the case 
without the extra width provid^ by the bulge. The heads of 
the king and queen rods are forged with eye-holes to provide the 
necessary fixing position for bolts. For as far as the struts lie up 
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against the web of the principal rafter the flanges can be cut away. 
Similarly at the feet, in order to secure the stmts to the bulge 
provided in the tie rod, the web is cut away and the flange bent 
upwards exactly to suit the angle which the camber gives to the 
tie rod. At the junction of the principal rafters and the head of 
the king rod, a gusset plate is inserted whose upper edges fit in 
closely underneath the flanges of the principal rafters, providing 
a very satisfactoiy and secure fixture for the three members at 
the apex of the truss. To provide for the fixing of the timber 
portion to the trusses as they pass over, short pieces of the angle 
iron, equal in length to the width of the fiange of the principal 
rafter, are first bolted in position, the purlin afterwards being 
bolted to the vertical parts of the angle irons. The purlins are, 
of course, placed immediately over the struts. Similar provision is 
made for the fixing of the ridge board, except that it is 8upi)orted 
on both sides by short lengths of angle iron. 

The whole roof truss springs from shoes to which the feet of the 
principal rafters and the ends of the tie rod are bolted. These 
thoes are set on stone or concrete templates built into the walls, 
and secured thereto by means of bolts previously let in with cement. 
As will be understood, such trusses vary in weight according to the 
sizes of the various members, and although it is possible to estimate 
fairly accurately the total cost from the total weight, the cost is 
more correctly found by working out the individual weight of each 
type and size of memb^ and applying the price per cwt. as quoted 
in merchants' price-lists. The cost per cwt. varies according to the 
amount of labour required to produce steel members of different 
sections. Thus, bars of circular section are not as expensive, weight 
for weight, as those of T or H section. 

The small single line dia^ms will show a few of the trusses of 
different construction applicable to certain spans. All but those 
with a camber have been omitted. 

The total cost of steel roof trusses, made up as shown in the 
drawing, and including aU necessary parts, junctions, Ac., and fixed 
complete is 27tf. 6d. per cwt. 
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Abnbt level, 49 

Aolinio line, 42 

Acreage, compatation of, 18-20 

Adjustment: of box sextant, 167; 
of closing error of traverse, 194; 
of dtimpy level, 137, 138 ; of optical 
square, 32 ; of transit theodolite^ 185, 
186, 187; of Y level, 138, 139 

Advantages: of Gonter's and 100-ft 
chain respectively, 17 ; of dnmpy over 
Y level, 108 

Aggregate, 207 

Agonic line, 42 

A& space in stock-honsee, 264 

Alidade of plane table, 170 

Altitudes, calculation of, 130, 168, 154, 
165 

Aneroid barometer, 130 

Ande: of intersection of curve, 199; 
(3 deflection, 199; of slope, 136; 
setting on limb of theodolite, 73 

Angles: cause of error in observing, 182; 
otwerving by repetition and reitera- 
tion, 183 ; observing face right and 
face left, 182 

Apomecometer, 131 

Arc of excess, 167 

Areas: ascertaining, 60-62, by com- 
puting scale, 61, by planimeter, 62, 
by incorrect chain, 69, by different 
scale from plan, 69; computation of 
land, 18, 19, 20; measures of, 5; 
measuring, in field, 34, 36 ; laying out, 
98 

Armoured concrete, 220 

Arrows, 18; drop, 61 

Asbestos cement tiles, 221 

Ash, 224 

Ash heaps, ascertaining contents of, 
9 

Ashlar, 217 

Asphalte damp course, 215; cost of, 
216 

Avoirdupois weight, 6 

Azimuth, 40 



Back angle method of traversing, 190 

Balusters, 250 

Barometer, 130 

Baseline, 36 

Beam compasses, 78 

Bearings, 41 

Beech, 224 

Bench mark, 116 

Bill of quantities, 298 

Block-in stone walls, 217 

Blue lias lime, cost of, 215 

Board measure, 11 

Bond, English and Flemish, 212 

Bonding bricks, 214 

Boning rods, 126, 127 

Booking : chain survey, 26 ; theodolite 
readings, 178, 183 

Border on plan, 83 

Boundaries and fences, 82 

Box sextant: adjustment of, 167; 
description of, 166; disadvantages 
of, 168; principle of, 166, 167; 
surveying with, 168, 169 ; use of, 168 

Bricklayer's and mason's work, 210 

Bricks: attributes and test of good, 
211 ; quantity in ton, 213 ; quantity 
in load, 218; wetting of, 213 ; hand 
moulded, machine made, premed, 
clamp burnt, kiln burnt, gault, 
white SufFolk, Beart's patent, Suffolk 
red, 210; Dutch clinkers, adamantine, 
enamelled, salted, fire, 211 ; stoneware 
bonding, 214 ; prices of, 216 ; rough 
stocks, picked stocks, &cing brioCB, 
blue StMfordshire, paving, 215 

Brickwork: ascertaining area of, 9; 
standard of measurement, 213; in 
lime mortar, cost of, 216 ; in cement 
mortar, cost of, 215 

Bridge, showing, on plan, 82 

Bubble tube, sdjustment of, 139 

Building: fixing position of, 26; sur- 
veying past, 44; plots, laying out, 
98; stones, cost 0^217; preparations 
for, 205 
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GUeuktion: of weM, 18-90. 166; of 
beuing* of tnTeno iwrey, 180, 100 

GftUipw meMureb H 

Gbrpentor's and joi]Mr*8 work, 224 

Out ihed: tpeoiBoatioii, 306; priced 
bill of qnanUtiai, 300 

CkUle^ MOttUiniiig weight of, 

Oament, 208, oost of, 200; PortlMid, 
oo0t of, 216 ; oonoreie, oost of, 200 ; 
tUei,222 

Chtdn : Qunter'saiid 100-foot, 17 ; enor. 
ooneotion of, 23; surveji, extent 
of nae ol, 87; sorveying, uaeful 
proUemB in, 44-7 ; tr»Tene, 62 

Chaining, inaocigaoiee in, 22 ; onalopee, 
48^1; pMt obeteolee, 44-6; per- 
miaeible eiror in, 33 

Changing face, 182 

CheoUng: leveb, 114, 116; plane taUe 
work, 172 ; theodolite readings, 183 

Chords, 180 

GSiole, finding area of, 3 

Ciroohur protractor, 80 

Clamp, 210 

Clerk of the works, 208 

Clinometer, 183 ; rnle, 61 

Qoeing error: amount of, allowed in 
practice, 193; example of adjust- 
ment of, 104 

doth, tracing, 77 

CoUimation, 114, 116; adjustment of 
line of, 137 ; lerel book, method of 
redncing and checking, 121, 122; 
compared with R. and F. method 
122 

Colouring plans, 77, 78 

Colours, 77 

Col% 136 

Commencement of curre^ determining, 
200 

Compass : attractions of needle of, 41 ; 
prismatic, 37 ; surveying, 41 ; Tari- 
ations, 41 

Compasses and dividers, 78 

Complement of an angle, 160 

Compound levelling, 1 14 

Computation : of areas, 18-20 ; of sides 
of triangles, 16^-7 

Computing scale, 61 

Concrete, 206, 207; armoured and 
reinforced, 208» 220; slabs and 
bricks, 217, 218 ; coke-breete blocks, 
210; upper floors, 210; tiles, 222 

Cone, volume of right, 4 

Contours, 133 

Conventional signs, 81 

Convergency of meridians, 193 

Co-ordinates, plotting by, 101-2 



Copying plans, 86 
Cordw<x>a, 13 



GQr^206; eost of. 200 

Com stacks, finding contents of, 15 

Correction: of ang^ of a tiian^e, 184; 
for curvature and refraction, 112 

Corrugated iron, 222 ; cost of, 223 

Cosecant of an|^e, 140 

Cosine of angle, 140 

Cotangent of ang^ 140 

Cottages: rural, 300; two-floored and 
bungalow, 301 

Count^, surveying a, 186 

Cowhouse, double: specification, 316; 
priced bill of quantitiea, 318 

Croas sections, 122 

Croas-head, 20 

Croas-staff, 20 

Cube, volume of, 4 

Curvature: oorrection for, 110-12; 
degree of, 100 

Curve: setting out by theodolite and 
chain, 100-201, by chain, 202 ; find- 
ing length of, 201 ; impeded point 
in, 202; oorrecting, 202; angle of 
intersection of, 100; angto of 
deflection of, 100; chord c£ 100; 
degree ol curvature of, 100 ; radiua 
of, 100 ; commencement and end of, 
200 ; tangential an^^e of, 200 

Customary measure, 20 

Cutting, diowing on plan, 82 

Cylinder, volume of right^ 4 



Damp courses, 213, 214 ; cost of, 216 
Datum for Great Britain and Ireland, 

116 
Dead-Ughta, 246-7 
Declination of magnetic needle, 42 
Deduced beuings, 168, 180 
Degree of curvature, 180 
D^artures and latitudes, 103 
Diaphragm, 106, 108 
Die square measure, 11 
Disconnecting traps, 268 
Distances: measuring inaccessible, 166 ; 

measuring with tacheometer, 106 
Ditches, showing on plan, 81 
Dividers, 78 
Doors: lodged, lodged and braced, 

framed and braced, 238; sliding, 

framed and panelled sash, 242 ; cost 

of, 263 
Dowels, iron, 240 
Drainage: ascertaining cost of agri- 

culttual, 10 ; of farm buildings, 265 
Drain pipes, laying and fall of, 255 
Drain-laying, cost of, 267 
Drains: fresh air inlets and foul air 

ontlet^ 265; cost of, 268 
Drawing materials, 77; papers, siie 

of, 76 ; pen, 78 



INDEX 



S36 



Drop uTow» 51 

Dumpy level, 105-8 ; edjustmento of, 

137-8 
Dung heaps, aeoertaining oontento of, 10 
Dutch faamB, 319; ooet, 319, 321; 

speoiflcation, 321 

Eabth, shape of, when negligible, 22 

Earthwork, computation of, 126 

Eastings and westings, 193 

Eidograph, 83 

Ehn, 224 

Embankment, showing in plan, 82 

Enlarging plans, 83 

EquaOsing lines, 60 

Equipment for survey, 21 

Enrors : in chaining, 22 ; in measuring 
angles, 184; in traversing, 193; 
in compass, sources of, 42 ; due to 
eccentricity of theodolite, 182 ; due 
to imperfect graduation in the theo- 
doUte, 182 

Estimating cost, 298 

Examples : of survey of field, 32, 34 ; 
of chain survey, 36 ; of field book, 
33, 38, 39 ; of compass survey, 41 ; 
of box sextant survey, 169; of 
plotting box sextant survey, 168; 
of calculation of latitudes and 
departures, 192 ; of horizontal angle 
book, 184 ; of traverse survey, 189, 
191 ; of plane table survey, 172 ; of 
level section, 120 ; of reducing plans, 
84,86, 

Excavation, 205, 206; cost of, 209 

Extent of use of chain surveys, 37 

Eye-piece, 106 

Faob, changing, 182 

Face-left observations, 182 

False pickets, 21 

Farm homestead, 325 ; cost of, 326 

Feet, to convert links, 20 

Fences, 82 

Field book, 21, 24 

Field, partitioninff a, 98-104 

Fir, red, yeUow, Soots, white, 224 

Fire-resisting construction, 219 

Flight, 248, 249 

Floor area for stock, 255 

Floor boards, 232 

Floors: arched system of, 220; timber, 
226-33 ; scantlings of timbers, 230, 
232, 233; cost of, 233; sound 
proofing methods, 228 

Footings, 205 

Footset hedge, 27 

' Formation level,' 136 

Foundations, 205, 206 

faction repreeentatiye, 53 



French chains, 18 
Fresh air inlets, 254 ; cost of , 257 
Frustum of a wedge, volume of, 4 
Functions of angles, 150, 151, 157 

Galb*8 method of traversing, 188 

Gauffed lime mortar, 213 

Geodesy, 22 

Geodetic survey, 21, 22 

Give-and-take lines, 60 

Glass, 241 ; tiles, cost of, 258 

Gradients, finding inclination of, 125 

Graduation, errors of, 182 

Grain: average weight of, per bushel 

of straw, 16 ; in heap, 16 
Granite, 216 

Gulley trans, 255; cost of, 258 
Gunter's chain, 17 

Halt space, 248 

Half-timbered work, 253 ; cost of, 253 

Handrail, 250 

Hard woods, 224, 225 

Haystacks, finding the contents of, 

14, 15 
Headers in footings, 201 
Hedges, 81 
Heights, aaoertaining, 130-3, 153, 154, 

165 
Hilly ground, surveying, 46 
Hinges: hook and band, 242; cross 

ffamet, 242 
Hdlow or cavity waUs, 214 
Horizontal axis of theodolite, 179 
Horizontal equivalents, 135 
Horn paper, 62 
Hygiene, 254 
Hypotenuse, 148 
Hypsometer, 136 

Inaoobssiblb heights, finding, 164 

Induded angle, method of traversing, 
188 

Incorrect chain, 23, 24 

Index error of box sextant, 167 

Indian ink, 77 

Inspection chamber, 256 ; cost of, 258 

Instruments : for finding areas, 61, 62 ; 
for copying, enlarging, and reducing, 
86 ; for drawing and plotting, 78, 79 

Intercepting trap, 255 

Interval, contour, 134 

Iron ties, 214; cost of, 216 

Isodinic lines, 42 

Isogenic lines, 42 

Jonmro sheets of plan, 172 

Kiln, 210 
Knet» 5 
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Lajtd ohftiat* 17» 18 

LfttitikiM and dopwtiim, 198 

LomI: oMt and milled, S98; flats, 

gotten, ridgee, flaahingi, hips, R.W. 

pipes, oisteanii, 2M ; sink liniiigB, soil 

ppes, rolls, yalley gutters, S98, 294; 

Length, measures of, 5 

Lens, anallatio, 198 

Lev^ : Abney, 49 ; Ciishing*8 Reyenible, 
110; Dumpy, 105; Y, 109; field 
book for, 116; book for rise-and- 
laU method, 118; book for height 
of instmment method, 121; book 
for oross-seotion levelling, 128; 
advantages of Dnmpy over Y, 108; 
sections plotting, 81, 120 ; staff, 106 ; 
section, cheoUng, 118; locating 
a given, 129 

Levelling, 106; beneh marks in, 116; 
eheck, 119; to seoore aoonraoy in, 
120; simple, 112; compound, 114; 
cross-section, 122; datum in, 116; 
effect of earth*s curvature in, 110; 
eliminating errors in, 120; per- 
missible error in, 116; reciprocal, 
129 ; with theodolite, 129 ; precise, 
180; with boning rods, 126; with 
aneroid barometer, 180; with 
hypsometer, 138; with clinometer, 
61 ; with apomecometer, 181 ; cost 
of, for boilding, 209 

Levels: trial, ll6; entering in book, 
116; checking in book, 119, 122; 
reducing, 117 ; weig|&t of, 104 

Lighting of stock-houses, 266 

Lime : hydraulic, 206 ; Uue lias, cost 
of, 216; grey stone, cost of, 208, 
216 

limewash, external, 216 

Limestones, 217 

Line of odDlmation, 116 

line ranger, 47, 48 

Links, to convert to feet and yards, 
20 

Locating a given level, 129 

Logarithmic functions, use of, in solving 
triansles, 166 

Logarithms, 140-7 

Longitudinal section, 120 

Louvres, 246 



IfAOHvno elements, 43 ; variation, 41 

Magnetism, 37 

Manhole, showing on plan, 82 

Manure tank, 267 ; cost of, 268 

Materials, drawing, 77 

Matrix, 207 

Mean sea level, 116 

Measurement* standard of, 17 



Measures; of length, 6; metric,?, 8; 

dry, hay and straw, miscelUneous, 6 
Mensuration formula, 3, 4 
Meridian, 40 
Mortar : memoranda, 213 ; joints, 212 ; 

lime and cement, 212 
Muntin,S48 



Nai>ib,40 

Newels, 248 

North : determining direction of, 42, 43 ; 

point, 83 
Northingii and southings, 198, 193 

Oak, Endish, American, and Dantsic, 

224 
Object ijass, 107 
Oblique angles, 168 
Observations, face-left and face-right, 

182 
Observing horiaontal angles with the 

theodo&te, 181 ; vertical an^^es with 

the theodolite, 188 
Obstacles, surveying past, 44, 46 
Offset pole, 21 ; scale, 76 
Oihets, 26 ; booking, 27 ; to buildinge 

26-6; secondary, 26; length ^ 

26; to a gate, 27; to footset 

hedge, 27 ; to hedge end ditch, 27 ; 

to hedge with two ditches, 27 
Optical square : use and theory off, 30, 

31 ; adjustment of, 32 
Orchards, 82 
Oidinates, 61 

Ordnance maps, 66 ; how to order, 66 
Ordnance scales, 66 
Origin, point of, in traverse survey, 188 

Paxtilbb, 221 

Pantograph, general description of. 

Paper, 76 ; tracing, 77 
Parallax, 137 
Parallel rule, 74 
Parallelogram, area o( 3 
FuaUelopiped, volume of rectangular, 4 
Partitions, 260, 261, 263; common, 

260, 261 ; trussed, 260, 261 ; cost of, 

263 
Patent roof coverings, 222 
Pegs. 21 

Pen, drawing, 78 
Peroentage, 7 
Permanent adjustments : of theodolite, 

186,187; of levels, 137-9 
Photography, reducing plans by, 86 
Ptokets,21 
PSggeries, 323, 324; speoifioatioii and 

cost, 383, 324 
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Pine, Northern, Pitch, American, 224 

Plain tileii, 221 

Plane table, 170; UBe of, 170-1; 

checking work of, 172; to * set' 

173-6; to continue survey on 

freeh iheet^ 172; traTcninff with, 

176 ; three-point problem wiw, 175 ; 

fixing intersected points with, 172 
Planimeter, 62-9 
Flans: finishing np, 83; printing on, 

83 ; enlarging, rediicing, and copying, 

83-6; plotting, 74-6; reducing by 

photography, 86 
Plantation, survey of, 62 
Planting, to find number of trees 

required per acre, 13 
Plotting a survey, 74 ; a traverse, 187 ; 

a triangle, 75, 80 ; by co-ordinates, 

101 
Plumbin^^ 203 
Plums, 206 
Pointing, 213 
Poles, 21 

Polygon, area of, 3 
Pond: surv^ring past, 44; making 

survey of, 62 
Preparations for building, 205 
Printing on plans, 83 
Prism, volume of right, 4 
Aismatic compass, 37; use of, 40; 

testing accuracy o!^ 41; surveying 

with, 41 
Prismoid, 4 

PtoUems in surveying, 152-6 
l^portional compasses, 78 
Ptotractor, 80 
Pumice concrete, 210; blocks, 210; 

cost of, 210 
Pyramid, 4 



QuABBT moisture, 216 
Quarter girth, 11 
Quarter space, 248^ 240 



Radius of curve, 198 

Ranging lines : through a valley, 46 ; 

over a hill, 47 
Ranging rods, 21 
ReoiprMal levelling, 120 
Red fir, 224 
Reduced levels, 117 
Reducing plans, 83 
Refraction, correction for. 111, 112 
Regulations and Byelaws of 

Government Board, 256-02 
Reinforced concrete, 290 
Reiteration, 183 
Repetition, 188 
Representative fraction, 53 



Reversible level, 110 

Right angles, setting out, 27; with 

chain, ^9; with cross staff, 29; 

with optical square, 30 
Right-angled triuules, solution of, 152 
Rise-and-laU level book, 118 
Riser, 248 

River, surveying across, 45 
Rod of brickwork, data in connection 

with, 213 
Roods and perches, to express as 

decimal fraction of an acre, 10 
Roof coverings* 220-3 
Roof lights, 245-7; cost of , 258, 263 
Roof truss: king post» 135; queen 

post, 235, 237; king rod, 237; 

composite, 238 
Roof trusses, cost of, 253 
Roof windows, 245, 246 
Roofs, 288, 235; barge, hip, and oirou- 

lar, surface of, 0; lean-to, 233; 

couple, 235 ; couple dose, 235 ; collar- 
beam, 235 ; cost of, 233 
Roots, finding weight of, in clamp, 16 
Rot, dry and wet, 225 
Roiuh cast, 215; cost of, 216 
RubUe in walls, 217 
Ruberoid, cost of, 223 
Rule, panllel, 74 
Rules for calculating areas, 1&-20 



Sand, pit or river, cost of, 207 

Sand-heaps; finding capacity of , 

Sandstones, 217 

Satellite sUtion, 184 

Scale of plan, degree of accuracy, 70 

Scales, 53; ordnance survey, 55; 

degree of accuracy, 70 ; computing, 

61 
Scalene trian^es, solution of, 157 
Sea level, mean, 115 
Secant of angle, 140 
Section: plotting longitudinal, 120; 

cross, 122 
Set squares, 78 
Signs, conventional, 81-2 
Simple levelling, 112 
Simpson's rule, 61 
Sine of ande, 140 
Single field survey, 33 
Skirtings, cost of, 233 
Slap-dashing, 215 
Slate roofs, 221 
Slates, 217, 221 ; cost of, 223 
Slating, 215 
Sleeper walls, 228 
Slope : allowance for, 40 ; finding angle 

of, 40-51 ; chaining on, 48 
Small holdinsi, 327, 328^ 320; cost 

01,320 
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Soft woodf, 2S4 

Solvtioii ol triMuto bj trigonooMlry, 

Sopwith fteff, 106 

Spwifio gMTitiM» 7 

SpeoifioatioB* 297 

Sphflre, Toluiiie o^ 4 

l^hanoftl ezoMi, IM 

Spbarioal form ci Mrth, effeot of, 22 

Spring bowi» 78 

Spraoa^ 224 

Sqoue-ttMidAid mmMun, 221 

SqiUNreB, oopying and redooing hj, 

84,86 
StoUeB: tpedflMtion of, 311-13; 

prioed hm of qnaniitiei, 314 
Stodia wins, 108 

SUff: oroM,20: level. lOO^reMUng, 113 
Stain, 248-60; doglegged, 248, 240; 

opeo newel, 248; cloeed string, 249 ; 

cost of, 268 
Standaid of timber, 13 
Station: satellite, 184; pointer, 174; 

sorvey, 26 
Statute measursb 20 
Steel roof trasses* 331, 382; eost of, 

332 
Steel tapes, 18 
Stepping with the chain, 61 
Stile, showing on plan, 82 
Stone walls, 217 
Stonework, 216 ; cost of, 217 
Straw: weightof per bushel of grain, 16; 

stacks, finding contents of, 16 
String, outer and inner, 248* 249 
Strutting, herringbone, cost of, 233 
Subdirision of areas, 08 
Supplement of an^^e, 160 
Survey : how to make with chain, 32 ; 

of single field, 33 ; of fields, 36-7; 

of a country, 186 ; degree of accu- 
racy for, 70 ; for area only, 34, 36 ; 

traverse, 62, 188 ; box sextant, 168 ; 

theodolite, 184; prismatic compass, 41 
Surveying past building rivers, ponds, 

44,46 
Surveyors* Institution Examination, 81 
Systematic surveying, 21 



T 8QUABB, 78 

Table: for converting decimal parts 
of an acre into roods and perches, 19; 
for reducing measurement on slope 
to horizont(u, 49 

Tacheometer, 196; ascertaining dis- 
tances by, 196, 197 ; surveying with, 
198 

Tangent, 149 

Tangential an^ ascertaining, 200 

Tanks, ascertaining capacity of, 9 



Tape^ 18 

Temporary adjustments: of thsodolita, 
186; of levels, 137 

Tension scarf Joint* 237 

Terrestrial refraction. 111 

Testing accuracy ol plans, 173 

Thatoh,222 

Theodolite: adjustments ol transit, 
185-7; changing fsce with, 182; de- 
scription of, 178-80; errors of eooen- 
tiioity and imperfect graduation in, 
182; measuring a horiaontal an^ 
with, 181; measuring a vertical 
an|^ with, 182; repetition and 
reiteration with, 183; siae of, 178; 
surveying with, 184 ; levelling with, 
129; tranrit, 179; Y, 181 

Three-point problem, 176 

Tie lines, 33 

TUe roofs, 221, 222 

Tiles, 221, 222, cost of, 223 ; asbwtos 
cement, 222; concrete, 222; ^ass, 
266, cost of , 268 

Tiling, vertical, 216 

Timber: ascertaining contents of, 11 
method of measuring standing, 11 
method of measuring felled, 12 
classification of, uses for, weight 
and price of, 224, 226; market 
forms of, 226; qualities of, 226; 
seasoning of, 226; preservation of, 
226; jomts, 226; floors, 226-33 

Tracing cloth, 77 ; paper, 77 

Transit theodolite, 178^ 179 

Transom lights, 246 

Traverse survey : by Qale's or included 
angle method, 188; by back an^ 
method, 190; adjustment of errors 
in, 194; closing error in, ISKI; 
example of reducing, 192; example 
of plotting, 191 ; by chain and 
theodolite, 188; by chain, 62; by 
plane table, 176 

l^pesium, finding area of, 3 

IVapesoid, finding area c^ 3 

Tread, 248 

Trees, showing on plan, 82 

l>enches for foundations, 206 

Trial levels, 116 

Triangles, finding area of, 3, 166; 
plotting, 76, 80; formulae for 
solution of plane, 157, 160; well- 
conditioned, 37 

IViangulation, best shape of trian|^e in, 
37; checks in, 33, 184; satellite 
stations in, 184; siae of triangles 
in, 37 

Trigonometry, 147 

Tripod, 106 

True contents measure of timber, 11 

True meridian, determination of, 42 
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UvxvBBSAL oompating aoaler 01 
Unknown points^ fixing. ITS 
Uaofol proUemc, 44-7, 168, 154 

ViBiATiOH of the magnetic needle, 41 

Vegetable growth, 206 

Ventilation of atock-houaee, 264 

Verification, baee of, 186 

Vernier: of theodolite, 71, how to 

read, 72 ; scale, 70 ; principle of, 71, 72 
Vertical angles, obeeinration of, 182; 

circle, 170; interval, 136 



Wall: levelling over, 128; ties, cost 
0^216 



Whatman's drawing paper, 77 

Whites, 23 

Winders, 248, 240 

Windows : casement, 242, 243 ; double- 

hung sash, 243-6; roof, 246, 246 ; 

cost of, 263. 
Wood, survey of, 62; showing on 

plan, 82 

Y LBVXL, 108 ; permanent adjustments 
of, 138; temporary adjustments 
of, 137 

Yards, converting to linlu, 20 

ZnriTH, 40 



THE END 
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